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INTRODUCTION 

Ecological  studies  of  small  mammals  in  Virginia’s 
Coastal  Plain  have  been  sporadic  and  geographically 
limited.  Most  focused  on  a  limited  number  of  species  or 
were  general  surveys  over  a  larger  geographical  area  than 
the  Coastal  Plain  (Pagels  &  Aldeman,  1971;  Pagels,  1977; 
Rose,  1986;  Pagels,  1987;  Cawthom  &  Rose,  1989;  Erdle 
&  Pagels,  1995);  relatively  few  surveyed  complete  small 
mammal  assemblages  (Rose  et  af,  1990;  Mitchell  et  al., 
1993).  Other  studies  targeted  small  mammal  assemblages 
but  used  protocols  that  are  not  effective  in  capturing  the 
entire  fauna  (Jackson  et  al.,  1976;  Pagels  &  French, 
1987).  The  Coastal  Plain  of  Virginia  harbors  a  rich 
diversity  of  small  mammals  (Webster  et  al.,  1985;  Linzey, 
1998).  An  understanding  of  small  mammals  and  their 
habitats  in  this  region  of  Virginia  would  provide  important 
information  for  elucidation  of  biogeographic  patterns  of 
community  structure. 

The  United  States  Department  of  Defense  is  the  fifth 
largest  landowner  of  the  federal  landholding  agencies  and 
currently  manages  over  25  million  acres  of  land  (10.1 
million  ha)  (Boice,  1997).  Most  of  these  holdings  are 
military  installations  that  are  largely  protected  from 
development  and  other  activities  that  adversely  effect 


native  flora  and  fauna.  For  this  and  other  reasons,  these 
installations  are  becoming  islands  of  biodiversity 
(Mitchell  &  Roble,  1998). 

The  rich  diversity  of  terrestrial  habitats  found  on  Fort 
A.  P.  Hill,  Caroline  County,  Virginia,  should  contain 
robust  assemblages  of  small  mammals  characteristic  of 
the  Coastal  Plain  Physiographic  region.  The  initial 
objective  of  this  survey  was  to  describe  the  small  mammal 
assemblages  of  eleven  Society  of  American  Foresters 
(SAF)  habitat  types  found  on  Fort  A.  P.  Hill.  Secondary 
objectives  were  to  evaluate  the  effectiveness  of  multiple 
trapping  techniques  and  the  effectiveness  of  the  duration 
of  our  sampling  periods. 

MATERIALS  AND  METHODS 

Study  Location  and  Site  Selection 

This  study  was  conducted  at  Fort  A.P.  Hill,  Caroline 
County,  a  30,329  ha  field-training  military  installation  in 
which  the  majority  of  the  area  is  comprised  of  managed 
forestlands.  Descriptions  of  the  area  are  found  in  Mitchell 
&  Roble  (1998)  and  Bellows  (1999). 

We  selected  sites  that  represented  serai  stages 
ranging  from  grasslands  to  mature  hardwood  forests. 
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Habitat  types  sampled  were:  unmaintained  grasslands 
(UNGR),  5  to  10  yr  old  clearcuts  not  replanted  with  pines 
(CCNR),  5  to  10  yr  old  pine  plantations  (PIPL),  30  to  50 
yr  old  mixed  loblolly  and  Virginia  pines  (MPN1),  60  to 
90  yr  old  mixed  loblolly  and  Virginia  pines  (MPN2),  30 
to  50  yr  old  mixed  hardwoods  and  pines  (MHP1),  50  to 
70  yr  old  mixed  hardwoods  and  pines  (MHP2),  60  to  80 
yr  old  mixed  hardwoods  (MHW1),  90  to  139  yr  old  mixed 
hardwoods  (MHW2),  60  to  80  yr  old  white  oak  (OAK1), 
and  90  to  125  yr  old  white  oak  (OAK2). 

Potential  sites  were  initially  chosen  using  Geological 
Information  System  (GIS)  maps  provided  by  Fort  A.  P. 
Hill.  Potential  site  locations  were  associated  with 
established  Land  Condition  Trend  Analysis  (LCTA)  plots 
when  feasible.  All  sites  were  ground-truthed  to  confirm 
the  accuracy  of  SAF  descriptions.  There  were  conspicuous 
discrepancies  between  the  descriptive  sources  provided 
and  the  actual  vegetation  present  in  some  sites  we 
examined.  Final  site  selection  was  based  on  consistency 
with  the  aforementioned  habitat  types.  Other  consid¬ 
erations  for  site  selection  were  avoidance  of  restricted 
impact  areas  and  the  1997  National  Boy  Scout  Jamboree 
activities. 

Sampling  and  Collection  Methods 

We  selected  three  replicates  of  each  of  the  eleven 
habitat  types  for  a  total  of  33  study  sites.  A  sampling  area 
approximately  30  m  in  diameter  was  established  at  each 
site.  Sampling  areas  were  a  minimum  of  45  m  from  a 
different  habitat  type  and  a  minimum  of  675  m  from  other 
sampling  areas.  Pitfall/drift  fences  and  snap  traps  were 
used  to  collect  animals.  These  two  methods  are  com¬ 
plementary  when  assessing  small  mammal  assemblages 
(Kalko  &  Handley,  1993;  Bury  &  Corn,  1987).  Pitfall 
traps  work  well  for  capturing  long-tailed  shrews  (Kalko  & 
Handley,  1993;  Mengak  et  al.  1987;  Mitchell  et  al.,  1993) 
and  jumping  mice  (Kalko  &  Handley,  1993)  and  often 
capture  semi-fossorial  species  that  are  rarely  captured  by 
live-trapping  or  snap-trapping  methods  (Williams  & 
Braun,  1983).  Snap  traps  work  well  for  capturing  mice 
and  voles  and  are  generally  as  effective  as  pitfall  traps  for 
capturing  short-tailed  shrews  (Kalko  &  Handley,  1993). 

Three  pitfall  arrays  were  constructed  approximately 
120°  apart  and  1 5  m  (+  2  m)  from  the  center  of  each  study 
site  (Figure  1).  Nine  Museum  Special  snap  traps,  three  per 
120°  sector,  were  set  in  each  site  at  the  beginning  of  each 
trapping  session  as  shown  in  Figure  1.  Pitfall  arrays  were 
constructed  following  the  design  in  Handley  &  Varn 
(1994).  Drift  fences  were  constructed  of  silt  fencing  61  cm 
high  and  one  m  in  length.  A  plastic  3.8-1  bucket  (18  cm  in 
diameter  x  19  cm  in  height)  was  used  for  the  center  pitfall. 
Plastic  2-1  soda  bottles  with  the  tops  cut  off  (11  cm  in 


diameter  x  20  cm  in  length)  were  used  for  the  peripheral 
pitfalls;  one  2-1  bottle  was  placed  on  each  side  of  the 
distal  end  of  all  three  drift  fences.  There  were  a  total  of 
seven  pitfalls  per  array. 


o  o 

A  =  pitfall  array 


o  =  museum  special  snap  trap 

Figure  1.  Sampling  scheme  in  a  study  site  showing 
orientation  of  pitfall  arrays  and  generic  snap  trap  locations 
with  respect  to  pitfall  arrays  (not  to  scale). 

Trappmg  sessions  were  conducted  every  12-16  days 
from  1  March  1997  through  20  October  1997,  with  an 
additional  winter  trapping  session  24-26  January  1998. 
There  were  a  total  of  16  trapping  sessions,  each  four  days 
(three  nights)  in  duration,  yielding  18,936  trap  nights 
associated  with  pitfall  arrays  and  9,680  trap  nights 
associated  with  snap  traps,  for  a  total  of  28,616  trap 
nights.  Pitfall  traps,  when  uncovered  and  not  flooded, 
were  considered  functional.  A  snap  trap  found  sprung  and 
empty  was  considered  nonfunctional  and  one  trap  night 
was  subtracted  from  the  total  effort,  modified  after  Nelson 
&  Clark  (1973)  who  subtracted  one  half  of  a  trapnight 
from  total  effort  for  each  sprung  trap. 

At  the  beginning  of  each  trapping  session,  pitfall 
traps  were  uncovered  and  filled  with  water  to  a  depth  of 
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6  to  9  cm  and  snap  traps  were  baited  with  peanut  butter 
and  oatmeal.  Animals  were  collected  on  days  2-4.  At  the 
end  of  each  trapping  session,  pitfalls  were  rendered 
nonfunctional  by  covering  them  or  adding  sticks  and  snap 
traps  were  removed  from  the  site.  All  mammals  collected 
will  be  deposited  in  the  Virginia  Commonwealth 
University  Mammal  Collection. 

Monthly  rainfall  from  March  1997  through  January 
1998  averaged  91.6  ±7.7  mm  and  was  8.4%  above 
average  for  the  period.  Considering  only  months  when 
trapping  was  conducted,  monthly  rainfall  ranged  from 
44.5  mm  in  May  1997  to  186.2  mm  in  January  1998; 
average  rainfall,  92.7  ±8.1  mm,  was  4.4%  above  normal. 
However,  15  of  the  16  trapping  sessions  were  conducted 
from  March  through  October  and  rainfall  for  this  period 
(94.1  ±7.4  mm)  was  9.0%  below  normal  (Figure  2) 
(National  Oceanic  &  Atmospheric  Administration, 
Climatological  Data  for  Virginia,  1997  and  1998). 

Habitat  Analysis 

We  identified  to  species  all  trees  >  4.5  m  in  height 
within  each  study  site.  Trees  were  placed  into  size  classes 
based  on  diameter  at  breast  height  (dbh):  saplings  (<  2.5 
cm),  understory  trees  (2. 5-9. 9  cm),  and  overstory  trees  (> 
10  cm). 

We  assessed  habitat  variables  of  study  sites  by  a  line 
intercept  method  (after  Canfield,  1941)  using  eight 


equally-spaced  25-m  transects  that  radiated  from  a  central 
point  of  the  study  site.  Variables  were  recorded  at  one- 
meter  intervals  (total  =  200)  and  included  presence  or 
absence  of  downed  woody  debris  (DWD),  stumps,  snags, 
herbs,  and  shrubs.  We  also  recorded  litter  type  (e.g., 
evergreen,  deciduous,  both)  and  the  species  of  all  herbs 
and  shrubs. 

Habitat  Descriptions 

UNGR  (unmaintained  grasslands):  Grasslands  in  mid-  to 
late  old-field  succession.  Dominant  vegetation  was 
perennial  grasses,  especially  broomsedge  ( Andropogon 
virginicus )  and  redtop  (Agros/is  alba).  Forbs  were  mostly 
perennials  (e.g.,  yarrow,  Achillea  millefolium ;  slender 
bush  clover,  Lespedeza  virginica;  goldenrods,  Solidago 
spp.)  and  biennials  (e.g.,  spotted  knapweed,  Centauea 
maculosa ;  common  evening  primrose,  Oenothera 
biennis ).  Blackberry  ( Rubus  spp.)  was  a  common  shrub, 
as  was  Russian  olive  ( Elaeagnus  augustifolia : 
introduced).  Trees  were  sparse  and  were  mostly  sapling 
and  small  hardwood  species  (winged  sumac,  Rhus 
copallina ;  sassafras,  Sassafras  albidum\  black  cherry, 
Prunus  serotina ;  oaks,  Quercus  spp.).  No  trees  with  a  dbh 
>  10  cm  were  present  in  any  of  the  three  grassland  sites. 
DWD,  stumps,  and  snags  were  scarce. 

CCNR  (5  to  10  yr  old  clearcuts  not  replanted  with  pines): 
Early  successional  densely  forested  habitat  dominated  by 


Fig.  2.  Monthly  rainfall  (mm)  from  March  1997  through  January  1998.  Bars  represent  rainfall  totals  during  the  study, 
and  the  line  indicates  average  monthly  rainfall. 
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loblolly  pine  ( Pinus  taeda)  and  Virginia  pine  (P. 
virginiana).  Other  tree  species  included  Quercus  spp., 
bigtooth  aspen  ( Populus  grandidentata),  sweetgum 
(Liquidambar  styraciflua),  American  holly  ( Ilex  opaca ), 
flowering  dogwood  ( Cornus  florida),  and  S.  albidum. 
Most  trees  were  2.5  to  9.9  cm  dbh.  Seedlings,  both 
evergreen  and  deciduous,  were  uncommon.  Density  of 
understory  vegetation  varied  among  study  sites,  but  was 
generally  low  and  dominated  by  blueberry  ( Vaccimum 
spp.).  Herbaceous  plants  were  uncommon  in  all  study 
sites.  Woody  structure,  especially  DWD,  were  common 
forest  floor  components.  Leaf  litter  was  primarily  a  mix  of 
evergreen  and  deciduous  material. 

PIPL  (5  to  10  yr  old  pine  plantations):  This  tree 
community  was  similar  to  CCNR  and  was  densely 
forested  and  dominated  by  pines,  P.  taeda  and  especially 
P.  virginiana.  Other  common  tree  species  were  Quercus 
spp.,  mockernut  hickory  ( Carya  tomentosa),  tulip-tree 
( Liriodendron  tulipifera),  I.  opaca ,  and  L.  styraciflua. 


Most  trees  were  2.5  to  9.9  cm  dbh.  Both  evergreen  and 
deciduous  seedlings  were  relatively  uncommon.  As  in 
CCNR,  density  of  understory  vegetation  varied,  but  was 
relatively  abundant  overall,  and  predominated  by 
Vaccinium  spp.  Coast  pepperbush  ( Clethra  alnifolia) 
occurred  in  substantial  numbers  in  one  study  site. 
Herbaceous  plants  were  less  common  than  in  more  mature 
habitats.  DWD  and  other  woody  structure  were  less 
frequent  than  in  CCNR  but  not  uncommon.  Leaf  litter  was 
mostly  a  mix  of  evergreen  and  deciduous  plant  material. 

MPN1  (30  to  50  yr  old  mixed  pines):  Earliest 
successional  habitat  sampled  to  have  distinct  overstory 
and  understory  tree  communities.  Pines,  mostly 
P. virginiana,  dominated  the  overstory.  Southern  red  oak 
{Quercus  falcata)  was  the  only  abundant  overstory 
hardwood  tree  species.  Understory  tree  species  were  a 
mix  of  small  overstory  trees  such  as  P.  virginiana, 
Quercus  spp.,  red  maple  (Acer  rubrum ),  American  beech 
(Fagus  grandifolia ),  and  understory  species  such  as  I. 


DATES  OF  TRAPPING  SESSIONS 


Fig.  3.  Comparison  of  total  captures  per  trapping  session  and  cumulative  number  of  insectivore  species  for  eleven 
terrestrial  habitat  types  on  Fort  A.P.  Hill,  March  1997  to  January  1998.  Circles  represent  insectivore  captures  for  all 
habitat  types  in  specific  trapping  sessions  and  triangles  represent  cumulative  insectivoree  species  captured  in  the  study. 
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Fig.  4.  Comparison  of  total  captures  per  trapping  session  and  cumulative  number  of  rodent  species  for  eleven  terrestrial 
habitat  types  on  Fort  A.P.  Hill,  March  1997  to  January  1998.  Circles  represent  rodent  captures  for  all  habitat  types  in 
specific  trapping  sessions  and  triangles  represent  cumulative  rodent  species  captured  in  the  study. 


opaca ,  S.  albidum,  and  C.  florida.  Deciduous  seedlings 
were  more  common  than  evergreen,  but  neither  was 
particularly  abundant.  The  most  frequent  shrubs  were 
Vaccinium  spp.  Herbaceous  plants  were  sparse  in  all  three 
study  sites.  DWD  was  relatively  abundant  in  all  study 
sites.  Leaf  litter  was  mostly  a  mix  of  evergreen  and 
deciduous  plant  material. 

MPN2  (60  to  90  yr  old  mixed  pines):  Pines,  both  P.  taeda 
and  P.  virginiana ,  were  the  dominant  overstory  tree 
species.  No  other  overstory  species  was  abundant  in  all 
study  sites.  However,  Q.falcata  was  common  in  one  study 
site.  The  most  common  tree  in  the  understory  was  I. 
opaca.  Also  abundant  were  L.  styraciflua,  Q.  falcata ,  S. 
albidum ,  and  C.  florida.  Both  evergreen  and  deciduous 
seedlings  were  more  abundant  in  this  habitat  than  in 
MPN 1 .  Shrub  density  varied  substantially  among  sites; 
Vaccinium  spp.  were  the  most  commonly  observed 
species.  Herbaceous  plants  occurred  in  low  numbers  in  all 
study  sites.  DWD  was  relatively  abundant  in  all  study 
sites.  Forest  floor  leaf  litter  was  both  evergreen  and 


deciduous. 

MHP1  (30  to  50  yr  old  mixed  hardwoods  and  pines):  The 
dominant  overstory  tree  species  was  P.  virginiana.  Other 
abundant  overstory  tree  species  were  O.  falcata, 
sourwood  ( Oxydendron  arboreum),  P.  taeda ,  white  oak 
( Quercus  alba),  L.  styraciflua,  L.  tulipifera,  and  F. 
grandifolia.  No  one  species  dominated  the  understory, 
however,  the  most  abundant  species  were  A.  rubrum,  I. 
opaca,  and  O.  arboreum.  Other  common  species  that 
varied  substantially  in  numbers  among  the  study  sites 
were  Q.  alba,  F.  grandifolia,  black  gum  ( Nyssa  sylvatica ), 
C.  florida,  and  Q.falcata.  Deciduous  seedlings  were  more 
common  than  evergreen,  but  neither  was  particularly 
abundant.  Vaccinium  spp.  were  the  only  shrubs  observed, 
and  density  varied  from  sparse  to  dense  among  study 
sites.  Herbaceous  plants  were  scarce.  Frequency  of  DWD 
was  relatively  high  among  in  all  study  sites;  stumps  were 
frequent  in  one  study  site.  Leaf  litter  was  primarily  a  mix 
of  deciduous  and  evergreen  plant  material. 
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Table  1.  Summary  of  effort,  capture  statistics  (total,  insectivores,  and  rodents  per  100TN),  and  H\  J.’  (Shannon  Index 
log10)  in  eleven  terrestrial  habitat  types  from  March  1997  through  January  1998  on  Fort  A.P.  Hill.  Between  session  and 
incidental  captures  are  not  included.  See  Materials  and  Methods  for  habitat  descriptions.  Variance  (±  SD)  is  provided 
for  mean  values. 


Species 

UNGR 

CCNR 

PIPL 

MPN1 

MPN2 

MHP1 

MHP2 

MHW1 

MHW2 

OAK1 

OAK2 

Insectivores 

S.  bngirosOis 

02 

0.1 

0.2 

0.1 

0.3 

0.1 

0.3 

0.3 

0.1 

0.1 

0.1 

(0.1,  0  4) 

(<01.  0  6) 

(0.1.  0.3) 

(<0.1,  0.2) 

(0  3.  0  5) 

(0  1.  0  2) 

(0  2.  0  4) 

(0.1.  0.6) 

(<0.1,  0  3) 

(0.1,  0  2) 

(<0  1.  0.1) 

S  hoyt 

0  0 

00 

0.2 

0  0 

0  0 

0.1 

0.2 

0.1 

0.1 

0  3 

0.1 

(0  0.  0.1) 

(0  0,  0  2) 

(0.2.  0.5) 

(0.0.  0  1) 

(0  0.  0  3) 

(0.1,  0  4) 

(0.1,  0  3) 

o 

o 

V 

(<0.1.  0  2) 

(0  2.  0  4) 

(<0  1.  0.2) 

B  brevicauda 

0  3 

0  3 

0  8 

0  4 

0  7 

0.5 

0.2 

0.2 

0.4 

0  6 

0  8 

(0  2,  0.4) 

(0  2,  0  5) 

(0.5.  1.4) 

(0  2,  0  4) 

(0  4.  0  8) 

(0.2,  0  8) 

(0  2.  0  6) 

(0  2.  0  4) 

(0  4,  0  8) 

(0  8,  0  8) 

(0  8.  1.1) 

C  parva0) 

0  3 

0  0 

0.1 

X 

0.0 

X 

X 

X 

X 

X 

0  0 

(9  2,  0.7) 

(0  0,  0  1) 

(<0.1.  0.1) 

(0  0.  0  1) 

(0.0.  0  1) 

Rodents 

R.  humulisi 2'> 

04 

0  0 

X 

X 

X 

X 

X 

0  0 

X 

X 

X 

(0  2,  0  6) 

(0  0.  0  1) 

(0  0,  0.1) 

P  leucopus 

2.1 

0  3 

0  9 

1.1 

3.8 

2.9 

2.4 

2  8 

1.9 

3.1 

2.1 

(0  6.  3.3) 

(0  3.  13) 

(0.9.  2.1) 

<1.1.  19) 

(19.  5.4) 

(1.8.  4  0) 

(2.2.  2.8) 

(2  3.  7.8) 

(1.4.  5  4) 

(2.8,  4.4) 

(11.4  3) 

M.  pennsytvarucus' 

l”  0.7 

X 

X 

X 

0.0 

X 

X 

0.1 

X 

00 

X 

(06.  1.1) 

(0  0.  0  1) 

(<0  1.0  1) 

(0  0.  0  1) 

M  pinelorum 

0.1 

0  0 

0.1 

0  0 

0.1 

X 

0  0 

0.0 

00 

00 

0.1 

(<0  1,  0  1) 

(0  0.  0  1) 

(<0.1.  0.1) 

(0  0,  0  1) 

(<0.1,  0  1) 

(0  0.  0.1) 

(0  0.  0.1) 

(0  0,  0.1) 

(0  0,  0  1) 

(<0  1.  0.1) 

Z.  hudsonius 1,1 

0  3 

X 

X 

X 

X 

X 

X 

X 

X 

0  0 

X 

(0  2,1.1)  (0  0,0  2) 


(1)  higher  (P<0  05)  numbers  In  UNGR  than  ail  other  habitats 
x  =  no  captures 


Table  2.  Summary  of  median  captures/  100TN  (25%,  75%  quartiles)  for  four  insectivores  and  five  rodents  among  eleven 
terrestrial  habitat  types  on  Fort  A.P.  Hill.  See  Material  and  Methods  for  habitat  descriptions. 


Habitat 

Total 

Captures 

Total 

trap  niqhts 

Tot  cap 
/100TN 

Insect  cap 
/100TN 

Rodent  cap 
/100TN 

Species 
(mean  n) 

H' 

J1 

UNGR 

133 

2793 

4.8  +1.9 

1.6+0  5 

10.0+4.2 

7.7 +1.2<2) 

0  661  +0.046(2) 

0.752  +0.061 

CCNR 

43 

2707 

1.6 +1.2 

1.2+0  8 

2.2 +1.9 

4.0+1.0(3) 

0.522  +0.112 

0.880+0.071 

PIPL 

75 

2525 

3.1  +1.6 

2.3 +0.7 

4.3+2  6 

5.3 +1.2 

0.557  +0.072 

0.781  +0.118 

MPN1 

49 

2473 

1.9 +0.8 

0.7  +0.5 

4.8 +1.3 

3.3  +1.2(3> 

0.316 +0.1 59p) 

0.609+0.147 

MPN2 

132 

2677 

5.1  +2.8 

1  8 +0.9 

10.6  +6.8 

4.7 +1.5 

0.375+0.015 

0.598+0.143 

MHP1 

93 

2454 

3.7 +18 

1.3+0  9 

9.2 +4.1 

4.0  +0.0(3> 

0.345 +0.1 05P) 

0.574  +0.174 

MHP2 

88 

2580 

3.6  +0.5 

1.3+0  4 

7.6+0  5 

4.0  +1  .O^* 

0.370  +0.097 

0.623  +0.096 

MHW1 

153 

2643 

5.8  +3.9 

1.2+0  6 

14.1  +10.7 

4.7  +0.6 

0.323  +0  1 69p> 

0.473  +0.224 

MHW2 

106 

2511 

4.1  +3.4 

1.2 +0.9 

10.0+7.5 

3.7  +0.6(3) 

0.317  iO.OSS'3* 

0.576  +0.130 

OAK1 

126 

2630 

4.8 +1.0 

1.7 +0.5 

10.8  +4.2 

5  0+1.0 

0.387  +0  063 

0.566  +0.123 

OAK2 

102 

2623 

3.8  +2.0 

1.7 +0.1 

7.7+55 

4  3  +1.5P) 

0.382+0.128 

0  610 +0  130 

Total 

1100 

28616 

- 

- 

- 

- 

- 

- 

Mean 

100+35 

2601  +105 

3.9  +2.2l,) 

1.5 +0.7(,) 

8.3 +5.5(,) 

4.6 +1.4 

0.414  +0.140 

0.640 +0.160(,) 

(1)  No  significant  differences  among  the  11  habitats 

(2)  Significantly  higher  than  (3) 
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MPH2  (50  to  70  yr  old  mixed  hardwoods  and  pines): 
Dominant  overstory  tree  species  were  P.  virginiana  and  P. 
taeda.  Quercus  alba  was  the  most  abundant  overstory  tree 
in  one  study  site.  Other  species  common  in  the  overstory 
but  varied  in  numbers  among  study  sites  were  princess 
tree  ( Ailanthus  altissima ),  L.  tulipifera,  Q.  falcata,  black 
oak  ( Q .  velutina),  L.  styraciflua ,  and  A.  rubrum.  No  one 
tree  species  was  dominant  in  the  understory;  however,  /. 
opaca,  A.  altissima ,  C.  florida ,  A.  rubrum  were  all 
abundant.  Deciduous  seedlings  were  common;  evergreen 
seedlings  were  observed  but  uncommon.  Shrub  density 
among  study  sites  ranged  from  sparse  to  dense,  with 
Vaccinium  spp.  and  mountain  laurel  ( Kalmia  latifolia ) 
abundant  in  one  study  site,  and  Vaccinium  spp.  only  were 
present  in  the  other  two  sites.  One  herb,  partridgeberry 
( Mitchella  repens )  was  common  to  all  study  sites.  Two 
other  herbs,  spotted  wintergreen  ( Chimaphila  maculata ) 
and  hog-peanut  ( Amphicarpa  bracteata )  were  observed 
but  were  not  common.  DWD  was  relatively  abundant  in 
all  study  sites.  Forest  floor  leaf  litter  was  primarily  a  mix 
of  both  evergreen  and  deciduous  plant  material. 

MHW1  (60  to  80  yr  old  mixed  hardwoods):  Hardwoods 
(Quercus  alba  and  L.  tulipifera )  dominated  the  overstory 
tree  community.  Other  common  overstory  species  were  L. 
styraciflua,  O.  arboreum ,  and  F.  grandifolia,  C. 
tomentosa,  and  pignut  hickory  (Carya  glabra).  The  most 
abundant  understory  tree  species  were  C.  florida  and  F. 
grandifolia.  Also  common,  but  in  varying  degrees  among 
study  sites,  were  American  hornbeam  (Carpinus 
caroliniana),  1.  opaca ,  A.  rubrum.  Seedlings  were 
predominately  deciduous  and  ranged  from  abundant  to 
uncommon  among  study  sites.  Vaccinium  spp.  was 
abundant  in  one  study  site,  spicebush  (Lindera  benzoin ) 
and  viburnums  (Viburnum  spp.)  were  observed  in 
moderately  low  numbers  in  the  other  two  sites.  Two  herbs, 
M.  repens  and  A.  bracteata ,  were  relatively  common  in 
two  areas.  DWD  was  relatively  abundant  in  all  study  sites. 
Forest  floor  leaf  litter  was  primarily  deciduous  material. 

MHW2  (90  to  139  yr  old  mixed  hardwoods):  Dominant 
overstory  tree  species  were  L.  tulipifera  and  Q.  alba. 
Other  abundant  overstory  tree  species  were  C.  tomentosa , 
northern  red  oak  (Quercus  rubra),  F.  grandifolia,  and  O. 
arboreum.  Ilex  opaca  and  C.  florida  were  the  most 
abundant  tree  species  in  the  understory.  Other  common 

species  were  N.  sylvatica,  F.  grandifolia,  C.  tomentosa,  A. 
rubrum,  and  O.  arboreum.  Deciduous  seedlings  were 
common;  evergreen  seedlings  were  present  in  low 
numbers  in  all  study  sites.  Vaccinium  spp.  was  abundant 
in  one  study  site,  Viburnum  spp.  were  observed  in  low 
numbers  in  two  areas.  Two  herbs,  M.  repens  and  A. 
bracteata,  were  moderately  common  in  all  study  sites. 


Frequency  of  DWD  was  relatively  high  in  all  study  sites. 
Leaf  litter  was  primarily  deciduous  in  two  study  sites  and 
a  mix  of  deciduous  and  evergreen  in  the  third. 

OAK1  (60  to  80  yr  old  white  oaks):  The  dominant 
overstory  tree  species  was  Q.  alba.  Other  species  that 
were  abundant  in  the  overstory  but  that  varied  in  numbers 
among  study  sites  were  L.  tulipifera,  C.  glabra,  and  F. 
grandifolia.  The  dominant  understory  tree  species  was  /. 
opaca.  Cornus  florida ,  F.  grandifolia,  N.  sylvatica,  and  C. 
caroliniana  were  well  represented  in  the  understory. 
Deciduous  seedlings  predominated;  evergreen  seedlings 
were  present  in  very  low  numbers.  Shrub  density  ranged 
from  sparse  to  moderately  dense  and  included,  from  most 
to  least  abundant,  L.  benzoin,  Vaccinium  spp.,  Viburnum 
spp.,  and  Rubus  spp.  Herb  density  was  relatively  high  and 
commonly  observed  species  included  A.  bracteata,  M. 
repens,  and  to  a  lesser  extent,  C.  maculata.  DWD  was 
common,  but  not  particularly  abundant  in  any  study  site. 
Forest  floor  leaf  litter  was  primarily  a  mix  of  both 
evergreen  and  deciduous  plant  material. 

OAK2  (90  to  125  yr  old  white  oaks):  As  in  OAK1,  the 
dominant  overstory  tree  species  was  Q.  alba.  Other 
abundant  overstory  species  were  F.  grandifolia,  Q.  rubra, 
and  L.  tulipifera.  The  dominant  understory  tree  species 
was  F.  grandifolia.  Cornus  florida,  I.  opaca  and  L. 
styraciflua  were  also  well  represented  in  the  understory. 
Deciduous  seedlings  predominated,  comparable  to  OAK1, 
and  evergreen  seedlings  were  present  in  low  numbers. 
Shrub  density  was  relatively  sparse  compared  to  other 
hardwood  habitats,  with  Vaccinium  spp.  most  abundant. 
Herb  density  was  relatively  low  with  M.  repens  most 
commonly  observed;  C.  maculata  and  A.  bracteata  were 
present  in  very  low  numbers.  DWD  was  common,  even 
abundant  in  one  study  site.  Forest  floor  leaf  litter  was 
primarily  deciduous  plant  material 

Statistical  Analyses 

Most  analyses  were  based  on  captures  per  unit  effort 
because  effort  varied  among  study  sites,  and  because 
some  snap  traps  were  found  sprung  and  empty.  Species 
diversity  (H’)  and  evenness  (J’)  for  small  mammal 
assemblages  in  all  habitat  types  and  associated  habitat 
replicates  were  calculated  using  the  Shannon  index  (log10 
H’).  One-way  ANOVA  followed  by  Tukey’s  post  hoc 
analysis  were  used  to  compare  mean  total  captures/ 100 
trap  nights  (TN),  mean  captures  of  insectivores/lOOTN, 
mean  captures  of  rodents/1 00TN,  mean  small  mammal 
H’,  mean  J’,  and  mean  species  richness  among  habitat 
types  (Zar,  1996).  Kruskal-Wallis  nonparametric  ANOVA 
on  ranks  followed  by  Student-Newman-Keuls  multiple 
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comparison  tests  were  used  to  compare  capture s/lOOTN 
among  all  small  mammal  species  and  captures/  100TN  of 
individual  species  among  the  eleven  habitats. 
Nonparametric  techniques  were  used  because  of 
questionable  degrees  of  normality  and/or  equality  of 
variance  in  some  capture  data  sets  (Zar,  1996).  Due  to 
non-normality  within  associated  data  sets,  Mann- Whitney 
rank-sum  test  was  used  to  compare  captures/study  session 
between  insectivores  and  rodents  (Ott,  1992). 

RESULTS 

A  total  of  1,164  small  mammals  representing  15 
species  was  captured  in  the  study.  Six  of  the  15  species 
(eastern  mole,  Scalopus.  aquaticus ;  star-nosed  mole, 
Condylura  cristata\  eastern  cottontail,  Sylvilagus 
floridanus ;  eastern  chipmunk,  Tamias  striatus\  southern 
flying  squirrel,  Glaucomys  volans,  and  least  weasel, 
Mustela  nivalis ),  representing  1 .82  %  of  all  captures,  were 
collected  incidentally  and  not  included  in  most  analyses. 
Additionally,  animals  collected  in  pitfall  traps  between 
trapping  sessions  when  pitfalls  were  assumed  to  be 
nonfunctional  are  excluded  from  many  analyses.  With 
these  reductions  in  total  captures  considered,  most 
analyses  were  based  on  1,100  individuals  represented  by 
nine  species.  Insectivores  (southeastern  shrew,  Sorex 
longirostris ;  pygmy  shrew,  Sorex  hoyi]  northern  short¬ 
tailed  shrew,  Blarina  brevicauda]  and  least  shrew, 
Cryptotis  parva )  collected  totalled  274,  whereas  rodents 
(eastern  harvest  mouse,  Reithrodontomys  humulis ;  white¬ 
footed  mouse,  Peromyscus  leucopus ;  meadow  vole, 
Microtus  pennsylvanicus]  woodland  vole,  Microtus 
pinetorum]  meadow  jumping  mouse,  Zapus  hudsonius ) 
totalled  826.  Peromyscus  leucopus  accounted  for  68.5% 
of  the  1,100  captures. 

Mean  captures/ 100TN  for  all  habitats  ranged  from 
1.6  +1.2  in  CCNR  to  5.8  ±3.9  in  MHW1  (Table  1).  There 
were  no  significant  differences  (P=0.41)  in  mean 
captures/ 100TN  among  the  eleven  habitat  types. 
Considering  all  habitats,  median  captures/ 100TN  for  P. 
leucopus  were  significantly  higher  (P<0.05)  than  the  other 
eight  species,  and  captures/ 100TN  for  B.  brevicauda  were 
significantly  higher  (P<0.05)  than  C.  parva ,  R.  humulis , 
M.  pennsylvanicus,  M.  pinetorum ,  and  Z.  hudsonius. 
Median  captures/  100TN  for  one  insectivore,  C.  parva 
(P=0.04),  and  three  rodents,  R.  humulis  (P=0.01),  M. 
pennsylvanicus  (P=0.01),  and  Z  hudsonius  (P<0.01), 
were  higher  in  UNGR  than  in  all  other  habitat  types 
(Table  2).  There  were  no  significant  differences  in  median 
captures/ 100TN  of  S.  longirostris  (P=0.58),  S.  hoyi 
(P=0.34),  B.  brevicauda  (P=0.12),  P.  leucopus  (P=0.19), 
and  M  pinetorum  (P=0.95)  among  the  1 1  habitat  types. 


Mean  H’  for  all  habitats  ranged  from  0.316+0.159  in 
MPN1  to  0.661  +0.046  in  UNGR  (Table  1).  Mean  H’  was 
significantly  higher  (P<0.05)  in  UNGR  than  MPN1, 
MHP1,  MHW1,  and  MHW2.  Mean  J’  ranged  from  0.473 
+0.224  in  MHW1  to  0.880  ±0.071  in  CCNR  (Table  1). 
There  were  no  significant  differences  (P=0.06)  in  mean  J’ 
among  habitat  types.  Mean  species  richness  ranged  from 
3.3  ±1.2  in  MPN1  to  7.7  ±1.2  in  UNGR  (Table  1).  Mean 
species  richness  was  significantly  higher  (P<0.05)  in 
UNGR  than  in  CCNR,  MPN1,  MHP1,  MHP2,  MHW2, 
and  OAK2. 

Mean  captures/  100TN  for  insectivores  for  all  habitats 
ranged  from  0.7  ±0.5  individuals  in  MPN1  to  2.3  ±0.7 
individuals  in  PIPL  (Table  1).  There  were  no  significant 
differences  (P=0.30)  among  the  eleven  habitat  types. 
Mean  captures/ 100TN  for  rodents  for  all  habitats  ranged 
from  2.2  ±1.9  individuals  in  CCNR  to  14.1  ±10.7 
individuals  in  MHW1  (Table  1).  There  were  no 
significant  differences  (P=0.32)  among  the  eleven  habitat 
types. 

Captures  of  insectivores  per  trapping  session 
averaged  18.1  ±14.0  and  ranged  from  four  individuals 
during  trapping  session  12  (7-9  August  1997)  to  52 
individuals  during  trapping  session  7  (26-28  May  1997). 
All  six  insectivore  species  represented  in  this  study  were 
encountered  in  ten  trapping  sessions  over  five  months 
(Figure  3).  Captures  of  rodents  per  trapping  session 
averaged  53.0  ±20.4  and  ranged  from  14  individuals 
during  trapping  session  15  (18-20  October  1997)  to  82 
individuals  during  trapping  session  7  (26-28  May  1997). 
The  seven  rodent  species  were  encountered  in'  six  trapping 
sessions  over  about  2.5  months  (Figure  4).  Median 
captures  per  trapping  session  for  rodents  (54.5)  was 
significantly  higher  (P<0.01)  than  median  captures  per 
trapping  session  for  insectivores  (12.5). 

DISCUSSION 

Most  of  the  mammal  species  encountered  in  this 
study  are  known  from  the  mid-Atlantic  region  (Hall, 
1981;  Webster  et  al.,  1985;  Hamilton  &  Whitaker,  1998; 
Linzey  1998).  Only  Mustela  nivalis  was  unexpected;  its 
discovery  was  the  first  for  the  Coastal  Plain  in  Virginia 
(Bellows  et  al.,  1999).  No  introduced  species,  such  as  the 
black  rat  ( Rattus  rattus ),  Norway  rat  ( Rattus  norvegicus), 
and  house  mouse  ( Mus  musculus),  were  encountered  in 
the  habitats  studied. 

We  attribute  much  of  our  trapping  success  to  the  use 
of  multiple  capture  techniques,  especially  pitfall  traps.  For 
example,  as  recently  as  1980  S.  hoyi  was  known  from 
only  seven  Virginia  locations  totaling  eight  specimens 
(Handley  et  al.,  1980),  yet  53  specimens  were  collected  in 
this  study.  Our  trapping  protocol  was  designed  to  account 
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for  biases  associated  with  snap  or  live  trap  and  pitfall 
techniques  (Brown,  1967;  Pucek,  1969;  Bury  &  Com, 
1987;  Cawthom  &  Rose,  1989;  Walters,  1989).  Rodents 
usually  dominate  captures  in  snap  and  live  traps,  whereas 
long-tailed  shrews  often  dominate  captures  in  pitfall  traps, 
with  or  without  drift  fences  (Briese  &  Smith,  1974; 
Williams  &  Braun,  1983;  Dowler  et  al.,  1985;  Mitchell  et 
al.,  1993).  The  combination  of  the  snap  trap  grid  with  the 
small-scale  drift  fence  arrays  and  pitfall  traps  ensured  that 
the  range  of  non-volant  small  mammal  species  richness 
expected  for  the  Fort  A.  P.  Hill  area  would  be 
encountered.  Even  so,  the  disproportionate  numbers  of 
captures  between  rodents  and  insectivores  in  this  study  is 
consistent  with  other  studies  that  have  used  both  snap  trap 
and  pitfalls  (Snyder  &  Best,  1988;  Kalko  &  Handley, 
1993). 

Species  accumulation  curves  for  insectivores  (Figure 
3)  and  rodents  (Figure  4)  and  associated  trapping  success 
over  time  in  1997  and  early  1998  allowed  us  to  make  two 
conclusions.  First,  with  the  techniques  used  in  this  study, 
obtaining  knowledge  of  full  species  richness  and  the 
composition  of  small  mammal  assemblages  (relative 
abundance,  diversity,  evenness)  can  be  accomplished 
during  the  months  of  March  through  July.  We  suggest  that 
the  minimum  length  of  time  for  any  small  mammal  study 
within  the  region  should  be  about  five  months.  However, 
because  rodent  capture  success  was  high  in  January  1998, 
we  also  suggest  that  small  mammal  trapping  surveys 
should  include  mid-winter  trapping  sessions  to  provide  an 
accurate  assessment  of  all  species  present.  Second, 
because  rainfall  patterns  affect  small  mammal  activity, 
and  therefore  capture  success  (Gentry  &  Odum,  1957; 
Sidorowicz,  1960;  Mystkowska  &  Sidorowicz,  1961; 
Vickory  &  Bider,  1978;  Kalko  &  Handley,  1993),  we 
attribute  the  reduction  in  captures  in  late  summer  1997,  in 
part,  to  below  normal  rainfall.  We  attribute  fluctuations  in 
capture  success  to  episodic  rainfall  events.  For  example, 
the  most  productive  trapping  session  for  insectivores  and 
rodents  was  conducted  during  May  1997,  the  month  with 
the  lowest  rainfall  and  the  greatest  departure  from  normal 
rainfall  during  the  study.  Importantly,  rainfall  during  the 
three  day  period  of  trapping  session  7  accounted  for 
70.1%  (31.2  of  44.5  mm)  of  all  rainfall  for  May  1997. 
This  suggests  that  both  insectivores  and  rodents  respond 
to  episodic  rainfall  by  increasing  activity  patterns,  and  is 
consistent  with  other  studies  (Gentry  &  Odum,  1957; 
Pearson,  1960a,  1960b;  Getz,  1968;  Doucet  &  Bider, 
1974).  Captures  of  insectivores  appeared  to  be  more 
effected  by  fluctuations  in  rainfall  patterns — they  tracked 
rainfall  patterns  more  closely  than  rodents — and  is  likely 
due  to  high  moisture  requirements  of  shrews  (Getz,  1961). 

The  primary  determinant  for  differences  in  H’  and 
species  richness  among  habitat  types  was  the  distribution 


of  grassland  specialists  that  utilized  forested  habitats 
sparingly  and  habitat  generalists  that  are  able  to  find  food 
and  shelter  in  a  variety  of  habitats.  With  the  exception  of 
grassland  habitats,  composition  of  small  mammal 
assemblages  of  most  other  habitat  types  studied  were 
similar,  with  P.  leucopus  and  B.  brevicauda  dominating 
the  number  of  small  mammals  captured.  Only  four 
species,  5.  longirostris ,  5.  hoyi,  B.  brevicauda ,  and  P. 
leucopus ,  were  captured  in  all  eleven  habitats.  All  of  these 
species  are  well  documented  habitat  generalists  (Jameson, 
1949;  Getz,  1961 ;  M’closkey,  1975;  Miller  &  Getz,  1977; 
Dueser  &  Shugart,  1979;  Wrigley  et  al.,  1979;  Kirkland, 
1981;  Adler,  1985;  Adler  &  Wilson,  1987;  Pagels,  1987; 
Jones  et  al.,  1991;  Pagels  et  al.,  1992),  and  their  numbers 
are  directly  responsible  for  the  lack  of  significant 
differences  in  mean  captures  per  100TN  among  the 
habitats  sampled.  Grasslands  were  clearly  preferred  by 
some  species  of  small  mammals  over  more  forested 
habitat  types.  Cryptotis  parva,  R.  humulis,  M. 
pennsylvanicus ,  and  Z.  hudsonius  are  grassland  specialists 
(Hamilton,  1935;  Dunaway,  1968;  Kirkland,  1981;  Adler 
et  al.,  1984;  Adler,  1985;  Cawthom  &  Rose,  1989;  Pagels 
et  al.,  1992),  and  in  this  study  they  were  rarely 
encountered  in  forested  habitats.  Microtus  pinetorum  was 
rare  in  all  of  the  ten  habitats  in  which  it  was  encountered. 
Low  capture  success  for  this  species  may  have  been  due 
to  its  semi-fossorial  habits  (Jameson,  1949;  Miller  & 
Getz,  1977;  Webster  et  al.,  1985).  Microtus  pinetorum 
should,  however,  have  been  equally  trappable  in  all 
habitats  even  if  captures  do  not  reflect  actual  abundance. 

Similarities  among  many  of  the  ten  forested  habitat 
types  we  sampled  may  have  confounded  our  efforts  to 
elucidate  habitat  preferences  for  any  of  the  five 
aforementioned  habitat  generalists.  It  is  difficult  to 
determine  from  our  results  whether  our  habitat 
designations  (LCTA/SAF)  needed  to  be  less  specific  with 
regard  to  stand  age  and/or  major  vegetation 
characteristics.  In  another  analysis  of  this  data  set, 
Bellows  (1999)  classified  only  five  habitat  types  based  on 
forest  types  described  by  the  United  States  Forest  Service 
(Thompson,  1991)  combined  with  tree  dbh  data  (after 
Ware,  1998).  The  following  habitat  types  were  used  by 
Bellows  (1999):  old-fields  (independent  of  tree  data),  pine 
(mean  dbh  10.0-14.9  cm),  pine  (15-19.9  cm),  oak-pine 
(20.0-24.9  cm),  and  oak-hickory  (mean  dbh  >  25.0  cm). 
Even  at  this  lowered  habitat  type  resolution,  Bellows 
failed  to  isolate  habitat  preferences  for  the  five  generalist 
species.  The  lack  of  an  apparent  habitat  preference  for 
these  small  mammals  at  both  resolutions  of  macrohabitat 
scale  is  a  testament  to  their  generalist  nature.  Many 
studies  have  addressed  microhabitat  affinities  of  habitat 
generalists  (Dueser  &  Shugart,  1978,  1979;  Morris,  1979; 
Kitchings  &  Levy,  1981;  Yahner,  1982;  Adler,  1985; 
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Snyder  &  Best,  1988),  the  results  of  which  explain  the 
coexistence  of  these  small  mammals  with  similar 
physiological  requirements  within  the  same  habitat 
(Rosenzweig  &  Winakur  1969;  Schoener,  1974; 
Rosenzweig,  1981;  Doyle,  1987).  These  studies  often 
show  that  generalists  are  very  specific  about  microhabitat 
requirements  and  that  they  are  often  associated  with 
microhabitat  components  common  to  a  wide  variety  of 
habitat  types.  It  is  therefore  critical  to  understand  both 
macro-  and  microhabitat  scales  of  habitat  use  of  small 
mammals  in  order  to  understand  patterns  of  their 
distributions  (Morris,  1984). 

Military  installations  like  Fort  A.  P.  Hill  provide 
excellent  opportunities  to  evaluate  the  ecologies  of  small 
mammal  species  and  their  distributions  within  and  among 
relatively  undisturbed  habitats.  These  opportunities  are 
becoming  increasingly  more  important  as  the  dynamic 
land-use  practice  on  surrounding  properties  become  more 
complex  and  adverse  in  their  affects  on  regional  flora  and 
fauna. 
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INTRODUCTION 

The  Middle  Fork  Holston  River  (MFHR)  in 
southwestern  Virginia  flows  in  a  southwesterly  direction 
through  Wythe,  Smyth,  and  Washington  counties  to  its 
confluence  with  the  South  Fork  Holston  River  at  South 
Holston  Lake  (Fig.  1).  The  river’s  watershed  is  primarily 
limestone  bedrock  with  dissolved  CaC03  concentrations 
from  52  mg/1  to  350  mg/1,  with  a  mean  of  134  mg/1 
(Virginia  Department  of  Environmental  Quality  [VDEQ] 
1998).  Average  discharge  for  the  period  between  1931 
and  1996  was  estimated  at  245  cfs,  with  an  estimated 
mean  peak  flow  of  4534  cfs  at  the  USGS  gauging  station 
at  Meadowview,  Virginia.  The  1997  annual  7-day 
minimum  discharge  recorded  at  this  gauging  station  was 
63  cfs,  and  the  average  monthly  summer  flow  (July 
through  September)  for  the  period  1931  to  1996  was  129 
cfs.  Watershed  use  is  characterized  by  mostly  agriculture 
and  moderate  urban  development. 

Historically,  21  species  of  freshwater  mussels  have 
been  collected  in  the  MFHR  during  this  century  (Table  1 ). 
These  species  included  the  elktoe,  Alasmidonta  marginata 
Say,  1818;  slippershell  mussel,  A.  viridis  (Rafinesque, 


1820);  littlewing  pearlymussel,  Pegias  fabula  (Lea, 
1838);  flutedshell,  Lasmigona  costata  (Rafinesque, 
1820);  Tennessee  heelsplitter,  L.  holstoma  (Lea,  1838); 
Tennessee  pigtoe,  Fusconaia  barnesiana  (Lea,  1838), 
shiny  pigtoe,  F.  cor  (Conrad,  1834);  slabside 
pearlymussel,  Lexingtonia  dolabelloides  (Lea,  1840); 
Tennessee  clubshell,  Pleurobema  oviforme  (Conrad, 
1834);  spike,  Elliptio  dilatata  (Rafinesque,  1820); 
kidneyshell,  Ptychobranchus  fasciolaris  (Rafinesque, 
1820);  fluted  kidneyshell,  P.  subtentum  (Say,  1825); 
pheasantshell,  Actinonaias  pectorosa  (Conrad,  1834); 
mucket,  A.  ligamentina  (Lamarck,1819);  purple 
wartyback,  Cyclonaias  tuberculata  (Rafinesque,  1820); 
Cumberland  moccasinshell,  Medionidus  conradicus  (Lea, 
1834);  rainbow  mussel,  Villosa  iris  (Lea,  1829);  moun¬ 
tain  creekshell,  V.  vanuxemensis  (Lea,  1838);  pocketbook, 
Lampsilis  ovata  (Say,  1817);  wavyrayed  lampmussel,  L. 
fasciola  Rafinesque,  1820;  tan  riffleshell,  Epioblasma 
florentina  walkeri  (Wilson  and  Clark,  1914);  and  black 
sandshell,  Ligumia  recta  (Lamarck,  1819).  There  were  no 
abundance  data  included  in  past  survey  reports  (Ortmann 
1918;  Stansbery  &  Clench  1974;  Neves  et  al.  1980; 
VDCR  1996),  and  the  majority  of  the  species  reported 


1  The  Unit  is  supported  jointly  by  the  U.  S.  Geological  Survey,  the  Virginia  Department  of  Game  and  Inland  Fisheries, 
Virginia  Polytechnic  Institute  and  State  University,  and  the  Wildlife  Management  Institute. 
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were  found  between  MFHRM  4.7  and  MFHRM  35.5 
(Table  1). 

The  objectives  of  our  survey  were  to  record  species 
composition  and  abundance  of  freshwater  mussels  and 
their  reproductive  success  at  selected  sites,  and  to 
compare  the  historic  and  present  species  composition  of 
freshwater  mussels  in  the  river. 

METHODS 

Selected  sites  were  surveyed  for  unionid  mussels  to 
determine  species  diversity,  abundance,  and  the  presence 
of  young  mussels  in  the  MFHR.  Based  on  known 
locations  of  live  mussels  and  recent  qualitative  snorkeling 
surveys,  appropriate  sites  were  designated  for  survey  (Fig. 
1).  The  level  of  survey  effort  expended  at  a  site  was 
defined  by  catch-per-unit-effort  (CPUE)  values.  The  river 
bottom  at  each  of  25  sites  was  first  surveyed  using  a 
random  CPUE  (RCPUE)  snorkeling  technique  that 
consisted  of  surveyors  swimming  the  site  with  mask  and 
snorkel  to  locate  mussel  aggregations  Because  of 


differences  in  ability  and  experience  of  snorkelers  in 
locating  mussels,  the  RCPUE  of  the  principal  investigator 
(Henley)  was  used  to  trigger  subsequent  sampling.  The  6 
sites  with  the  highest  RCPUE  values  received  further 
survey  effort  that  consisted  of  CPUE  and  quadrat  surveys 
along  transects  (Table  2).  Mussel  surveys  were  conducted 
between  June  1997  and  July  1998. 

At  each  site,  a  RCPUE  survey  was  conducted  by  a 
crew  of  2  to  5  people  to  confirm  the  presence  of  mussels, 
their  relative  abundance,  and  the  position  of  mussel 
aggregations.  During  a  RCPUE  survey,  only  visible 
mussels  were  counted;  few  rocks  were  overturned. 
Observed  mussels  were  left  in  position,  and  their  locations 
were  marked  with  fluorescent  flags.  After  a  site  sun/ey 
was  completed,  mussels  were  examined  to  record  species, 
sex  and  gravidity,  and  returned  to  the  exact  location  of 
collection.  RCPUE  values  were  calculated  by  dividing  the 
number  of  mussels  observed  by  total  effort  in  hours. 

The  TCPUE  sampling  was  conducted  along  transects 
that  were  not  randomly  selected,  but  were  positioned  to 
include  mussel  aggregations  discovered  during  the 


Fig.  1.  Locations  of  freshwater  mussel  survey  sites  in  the  MFHR,  Virginia. 
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RCPUE  survey.  The  number  of  transects  and  distances 
between  transects  varied  between  survey  sites  to  include 
mussel  aggregations.  The  first  upstream  transect  was 
randomly  positioned  using  a  random  number  table.  A 
global  positioning  system  (GPS)  reading  was  obtained  at 
this  first  transect  for  each  survey  site.  Lengths  of  survey 
sites  were  40  m  (MFHRM  33.1  and  10. 1),  45  m  (MFHRM 
8.1),  50  m  (MFHRM  28.75),  60  m  (MFHRM  51.4),  and 
150  m  (MFHRM  17.7).  Transects  were  placed  5  m  apart 
at  each  survey  site  except  MFHRM  17.7,  where  transects 
were  10  m  apart.  Sampling  at  the  latter  site  was  more 
extensive  because  of  the  collection  of  the  federally 
endangered  tan  riffleshell,  E.  florentina  xvalkeri.  TCPUE 


surveys  were  conducted  to  include  1  m  on  either  side  of 
transect  lines.  A  2  m  length  of  metal  rebar  with  a  painted 
center-line  was  used  during  surveys  to  aid  surveyors  in 
remaining  within  transect  width  limits.  Thus,  TCPUE 
surveys  provided  an  estimate  of  species  composition  and 
relative  abundance.  During  these  surveys,  most  cobbles 
larger  than  25  cm  were  overturned  (and  replaced)  to 
determine  the  presence  of  mussels.  Mussel  positions  were 
flagged  to  allow  exact  replacement  after  species,  sex, 
gravidity,  length,  and  width  measurements  (mm)  were 
recorded.  Survey  crews  consisted  of  2  to  6  people,  but  at 
least  two  of  the  same  individuals  were  always  present 
during  all  sampling  conducted.  Catch-per-unit-effort  was 


Middle  Fork  Holston  River  Mile 


a  MFHRM  5.02,  Washington  County  Wastewater  Treatment  Plant,  Municipal,  Minor  classification. 
b  MFHRM  26.92.  Chilhowic  Wastewater  Treatment  Plant.  Municipal.  Minor  classification. 
c  MFHRM  39.58,  Marion  Wastewater  Treatment  Plant.  Municipal.  Major  classification. 

1  MFHRM  40.50.  Marion  Automatic  Car  Wash.  Industrial.  Minor  classification 
c  MFHRMs  43.25  -  43.75.  Brunswick  Corp  and  other  industrial  plants.  Industrial.  Minor  classification 
1  MFHRM  45.67,  Marion  Wastewater  Treatment  Plant.  Municipal.  Minor  classification. 

MFHRM  52.78.  Smyth  County  1-81  Rest  Area.  Municipal.  Minor  classification. 


Fig.  2.  Distributionof  species  richness  in  the  MFHR.  The  figure  includes  MFHRM  locations  of  major  towns  and  VDEQ 
discharge  permits  issued  for  the  river  (VDEQ  1998). 
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'  MFHRM  5.02.  Washington  County  Wastewater  Treatment  Plant.  Municipal.  Minor  classification. 
b  MFHRM  26.92.  Chilhowie  Wastewater  Treatment  Plant.  Municipal.  Minor  classification 
c  MFHRM  39.58.  Marion  Wastewater  Treatment  Plant,  Municipal.  Major  classification. 

1  MFHRM  40.50.  Marion  Automatic  Car  Wash.  Industrial.  Minor  classification. 
e  MFHRMs  43.25  -  43.75,  Brunswick  Corp.  and  other  industrial  plants.  Industrial.  Minor  classification. 
1  MFHRM  45.67,  Marion  Wastewater  Treatment  Plant.  Municipal,  Minor  classification. 
s  MFHRM  52.78.  Smyth  Comity  1-81  Rest  .Area.  Municipal.  Minor  classification. 


Fig.  3.  Random  CPUE  (no./h)  of  MFHR  survey  sites.  The  figure  includes  MFHRM  locations  of  major  cities  and  VDEQ 
discharge  permits  issued  for  the  river  (VDEQ  1998). 


calculated  as  previously  described. 

For  subsequent  quantification  of  mussel  assembl¬ 
ages,  0.25  nr  quadrats  were  randomly  positioned  on 
existing  transect  lines  using  a  random  numbers  table.  The 
number  of  quadrats  employed  for  each  survey  site,  and  the 
number  of  quadrats  per  transect,  varied  for  each  site 
because  the  level  of  survey  precision  and  the  number  of 
transects  per  site  varied.  Sites  where  the  state  threatened 
L.  holstonia  and  the  federally  endangered  E.f  walker i  had 
been  observed  were  surveyed  with  sufficient  quadrats  to 
achieve  a  15%  precision,  while  all  other  quadrat  sites 
were  surveyed  with  a  20%  precision.  The  following 
sample  size  formula  was  used  to  determine  the  number  of 
quadrats  required  to  achieve  the  desired  levels  of 
precision  at  survey  sites  (Downing  &  Downing  1992): 


n  = 

where 

and 


|  #  mussels  estimated  per  nr)  _q  j 

l  10,000/ .4  J 

A  =  cm-  covered  by  each  replicate  sample  (in  this  case  2500 

cnv-), 

D  =  SE/m  =  the  desired  accuracy  of  density  estimates 


Using  this  formula,  sample  sizes  to  allow  density  estimate 
precisions  of  15%  and  20%  were  calculated.  Quadrats 
were  excavated  to  hardpan,  or  to  approximately  25  cm, 
and  substratum  was  later  replaced.  Mussels  were 
examined  for  species,  sex  and  gravidity,  then  measured 
for  length  and  width,  and  replaced  at  the  position  of 
collection. 

In  addition  to  random  and  transect  CPUE  (no./h)  and 
density  estimations  (no./m2),  results  obtained  by  these 
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survey  techniques  provided  species  composition  and 
estimates  of  reproductive  success,  as  defmed  by  small  size 
classes,  within  the  mussel  aggregations  at  the  sites.  The 
presence  of  juveniles  (<  20  mm)  at  a  site  indicated  recent 
reproduction.  Since  CPUE,  density,  and  species 
composition  were  recorded  at  surveyed  sites,  these  values 
were  regressed  on  MFHR  mile  location.  The  results  of  the 
various  survey  techniques  used  during  this  study  were 
compared  to  identify  the  survey  method(s)  most 
appropriate  for  attaining  survey  objectives.  All  statistical 
analyses  and  graphics  were  conducted  and  generated  using 
Minitab  10.52  (Minitab,  Inc.,  College  Station,  Penn¬ 
sylvania). 


RESULTS  AND  DISCUSSION 

During  this  survey,  15  species  of  freshwater  mussels 
were  observed  in  the  MFHR  (Table  3).  These  species 
included  the  rainbow  mussel,  V  iris;  mountain  creekshell, 
V.  vamixemensis ;  wavyrayed  lampmussel,  L.  fasciola; 
Tennessee  clubshell,  P.  oviforme;  slabside  pearlymussel, 
L.  dolabelloides;  Tennessee  pigtoe,  F.  barnesiana;  spike, 
E.  dilatata;  fluted  kidneyshell,  P.  subtentum;  kidneyshell, 
P.  fasciolaris;  Cumberland  moccasinshell,  M.  conradicus; 
pheasantshell,  A.  pectorosa;  purple  wartyback,  C. 
tuberculata;  flutedshell,  L.  costata;  Tennessee 
heelsplitter,  L.  holstoma;  and  tan  riffleshell,  E.  f.  walkeri. 


Table  2.  Site  locations  and  relative  abundances  per  survey  methods  used  at  sites  in  the  MFHR.  Virginia 
from  June  1997  to  July  1998.  For  TCPUE  and  quadrat  survey  sites,  latitude  and  longitude  are  for  position 
of  first  downstream  transect;  otherwise,  for  center  of  site  mussel  aggregation.  CPUE  =  no./h  and  density  = 
no. /0.25  nr. 


MFHRJVI 

Site  Location 

Latitude  Longitude 

Random 

CPUE 

Relative  Abundances 

Transect 

CPUE 

Quadrat 

Density 

4.8 

36°49’ 13.78” 

81°37’06.90” 

7.39 

- 

- 

8.1 

36°4U32.28” 

8U5U53.85” 

9.07 

37.92 

3.40 

10.1 

36°44'23.98” 

81°46'53.46" 

64.00 

51.56 

5.22 

17.7 

36°50‘06.38” 

81°35‘43.79” 

18.17 

26.84 

1.12 

21.8 

36°46’23. 15" 

81°42’47.81” 

5.03 

- 

- 

24.5 

36°47’55.63” 

81°40’40.70” 

4.89 

- 

- 

26.8 

36°50’38.50" 

81°29’29.90” 

0.77 

- 

- 

28.0 

36°48'29.or 

8U4019.41" 

0.67 

- 

- 

28.3 

36°42’  15.67” 

81°51’39.79” 

7.00 

- 

- 

28.8 

36°50’  14.36” 

81°30‘30. 16” 

18.46 

9.89 

0.80 

31.2 

36°4U  18.71 " 

8  T’53’38.23” 

2.00 

- 

- 

33.1 

36°49’ 12.04” 

81°37’08.08” 

9.57 

16.62 

2.00 

35.5 

36°48’22.05” 

81°37,39.31” 

0.00 

- 

- 

39.0 

36°47‘ 15.90" 

8U4L13.52" 

0.00 

- 

- 

42.9 

36°52’28.48” 

81°23’57.95” 

0.00 

- 

- 

44.4 

36°5U28.65” 

81°28'21. 15” 

0.00 

- 

- 

46.2 

36°48‘29.15” 

81°40‘ 16.64“ 

0.50 

- 

- 

48.1 

36°52’28.48” 

81°23’57.95” 

0.33 

- 

- 

49.4 

36°52’02.58” 

8l°25’38.83” 

0.00 

- 

- 

51.1 

36°41’33.76” 

81°5r52.45” 

0.00 

- 

- 

51.3 

36°53’09.99” 

81°22’30.60” 

0.77 

- 

- 

51.4 

36°53' 19.08” 

81°20'48.79” 

11.52 

3.17 

1.23 

52.7 

36°53 ‘20.37" 

81°20‘48.98” 

13.50 

- 

- 

53.6 

36°53’23.27" 

81°20’37.20” 

0.00 

- 

- 

54.6 

36°53 '46.06” 

81°19* 15.54” 

0.00 

- 

- 

MFHR  Mean 

6.95 

24.00 

2.30 

MFHR  Range 

0.00  -  64.00 

3.17-51.56 

0.80  -  5.22 

Use  does  not  imply  endorsement  by  the  U.S. government. 
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Fig.  4.  Distribution  of  species  richness  in  the  Middle  Fork  Holston  River  from  Ortmann  (1918),  Stansbery  &  Clench 
(1974).  Neves  et  al.  (1980),  and  the  Virginia  Department  of  Conservation  and  Recreation  (1996)  surveys  (combined 
total;  solid  line)  and  this  survey  (dashed  line). 


The  federally  endangered  tan  riffleshell  and  the  state 
threatened  Tennessee  heelspl itter  are  rare  and  of  localized 
occurrence  in  the  river.  The  only  other  known  location  of 
the  tan  riffleshell  in  Virginia  is  in  Tazewell  County.  A 
toxic  spill  that  occurred  in  August  of  1998  into  the  Clinch 
River  at  Cedar  Bluff  essentially  eliminated  the  population 
of  tan  riffleshells  in  the  mainstem  Clinch  River,  Tazewell 
County  (Watson  1999).  Isolated  populations  of  the 
Tennessee  heelsplitter  also  are  known  to  occur  in  the 
Clinch  River  and  upper  Middle  Fork  Holston  River 
(Winston  &  Neves  1997).  Species  that  were  historically 
found  in  the  MFHR.  but  were  not  observed  during  this 
survey,  are  the  slippershell  mussel,  A.  viridis ;  littlewing 
pearlymussel,  P.  fabula ;  pocketbook,  L.  ovata\  shiny 
pigtoe,  F.  cor,  mucket,  A.  ligcimentina ;  and  black 
sandshell,  L.  recta  (Ortmann  1918;  Stansbery  &  Clench 
1974;  Neves  et  al.  1980;  VDCR  1996)(Tables  1  and  3). 
Thus,  the  federally  endangered  littlewing  pearlymussel 
and  shiny  pigtoe,  as  well  as  the  state  endangered 
slippershell  and  state  threatened  black  sandshell,  may  be 
extirpated  from  the  river. 

At  the  25  sites  surveyed  with  the  RCPUE  method, 
abundance  estimates  ranged  from  0.0  to  64.0  mussels/h, 
with  a  mean  of  6.9  mussels/h  (Table  3).  Abundance 


estimates  for  the  6  sites  surveyed  with  the  TCPUE 
technique  ranged  from  3.2  to  51.6,  with  a  mean  of  24.0 
mussels/h  (Table  3).  At  these  same  6  sites,  quadrat  density 
estimates  ranged  from  0.8  to  5.2  mussels/m2,  with  a  mean 
of  2.3  (Table  3).  The  species  diversity  in  the  river 
generally  increased  proceeding  downstream,  but  river 
mile  location  was  not  highly  predictive  of  the  number  of 
species  observed  at  each  of  the  RCPUE  sites  surveyed 
(r2=50.1,  p<0.0001).  Also,  river  mile  location  was  not 
predictive  of  the  RCPUE  (no./h)  values  for  these  sites 
(r=19.2,  p<0.02).  At  the  six  sites  also  surveyed  on 
transects,  the  TCPUE  (no./h)  values  were  inversely 
related  to  river  mile  location  (r=73.4,  p<0.02);  however, 
density  estimates  (mussels/m2)  for  these  transect  sites 
were  not  statistically  related  to  river  mile  location 
(r=26.6,  p<0. 17). 

There  was  an  obvious  association  between  low 
measures  of  mussel  abundance,  number  of  species 
observed,  and  survey  site  positions  in  downstream 
proximity  to  the  towns  of  Atkins,  Marion,  and  Chilhowie 
(Fig.  2  and  3).  The  RCPUE  values  and  number  of  species 
at  survey  sites  downstream  of  these  towns  dropped 
markedly  from  upstream  values.  At  MFHRM  17.7,  the 
RCPUE  value  was  65  mussels/h  with  1 1  species  collected, 
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whereas  at  survey  sites  in  Chilhowie,  no  mussels  were 
observed.  Upstream  of  Marion  (MFHRM  31.1),  the 
RCPUE  estimate  was  10  mussels/h  of  7  species,  but  at  and 
downstream  of  Marion  no  mussels  were  collected.  Also, 
no  species  were  found  at  Atkins.  Downstream  of  these 
towns,  there  are  recovering  reaches  of  the  river  where  the 
number  of  species  and  relative  abundances  gradually 
increase,  and  aggregations  reoccur  (Fig.  2  and  3).  No 
juvenile  mussels  were  collected  in  downstream  proximity 
to  these  towns.  The  decreases  in  species  richness  and 
abundance  downstream  of  these  towns  may  be  the  result 
of  past  or  present  discharges  to  the  river.  The  locations  of 
permitted  discharges  (Figs.  2  and  3),  authorized  by  the 
Virginia  Department  of  Environmental  Quality  (VDEQ 
1998)  provide  evidence  that  decreases  in  species  richness 
and  abundance  are  strongly  associated  with  the  presence 
of  towns. 

Although  the  greatest  species  richness  is  still  found 
between  MFHRM  35.0  and  MFHRM  4.8,  a  comparison 
of  our  findings  with  those  of  other  surveys  conducted  in 
the  twentieth  century  shows  a  distinct  decrease  in  the 
number  of  species  collected  in  this  river  reach  (Fig.  4). 
This  decline  is  particularly  evident  for  the  area  in  and 
immediately  downstream  of  Chilhowie.  From  this  vicinity 
of  the  river,  Ortmann  (1918)  and  Stansbery  &  Clench 
(1974)  reported  1 1  species  of  freshwater  mussels,  whereas 
Neves  et  al.  (1980)  collected  5  species  (Table  1).  We 
collected  only  one  species  (V.  vanuxemensis).  Also, 
between  MFHRM  42.9  and  53.6  there  was  a  gradual 
decrease  in  the  number  of  species  to  the  headwaters, 
where  only  L.  holstonia  was  collected  (Fig.  4).  In  this 
river  reach  and  immediately  downstream  of  Atkins, 
Stansbery  &  Clench  (1974)  collected  3  species  of  mussels, 
including  V.  iris,  V.  vanuxemensis,  and  L.  holstonia. 
Neves  et  al.  (1980)  and  our  survey  recorded  only  L. 
holstonia  in  this  reach  of  the  river.  Thus,  the  gradual 
transition  to  headwater  species  that  existed  historically 
near  Atkins  has  been  effectively  eliminated  since  1974 
(Fig.  4).  The  survey  effort  expended  by  the  Virginia 
Department  of  Conservation  and  Recreation  (VDCR)  at 
MFHRM  19.5  is  undocumented,  therefore  the  collection 
of  no  live  mussels  at  this  survey  site  (only  one  recently 
dead  L.  recta  was  collected)  may  be  the  result  of 
insufficient  survey  effort  (VDCR  1996)  (Fig.  4). 

Sedimentation  and  turbidity  may  be  affecting  species 
richness  and  abundance  of  freshwater  mussels  in  the  river. 
During  our  surveys,  approximately  50%  of  all  planned 
survey  trips  were  cancelled  due  to  low  visibility  from 
turbid  conditions.  Weeks  after  moderate  rain  events, 
visibility  remained  unsuitable  for  snorkeling.  We  found 
that  when  the  discharge  measured  at  the  USGS  gauging 
station  at  Meadowview,  VA  exceeded  130  cfs,  the  river 
downstream  of  that  station  was  too  turbid  for  surveying. 


We  surveyed  from  the  headwaters  of  the  river  (MFHRM 
54.6)  to  downstream  of  Chilhowie  (MFHRM  4.8),  and 
noted  that  this  entire  length  of  river  was  heavily 
sedimented  and  silted.  Sedimentation  was  evident  in  all 
areas  surveyed  except  high  velocity  riffles.  Throughout 
the  entire  length  of  the  river  surveyed,  we  observed 
widespread  problems  of  bank  erosion  and  agricultural 
sediment  input,  with  livestock  access  to  the  river  as  the 
primary  problem. 

Although  our  results  show  that  survey  sites 
immediately  downstream  of  Atkins,  Marion,  and 
Chilhowie  are  nearly  devoid  of  freshwater  mussels,  they 
also  show  that  mussel  populations  at  most  other  survey 
sites  lack  recruitment  of  young  mussels.  The  exception  to 
this  was  at  MFHRM  51.4,  a  site  occupied  only  by  L. 
holstonia.  At  this  site,  numerous  juveniles  were  collected 
and  multiple  age  classes  were  present.  Eleven  juvenile  L. 
holstonia  were  sampled  at  MFHRM  51.4  in  our  quadrat 
survey. 

No  juveniles  were  observed  at  survey  sites  using  the 
CPUE  survey  method,  whereas  9  juveniles  were  collected 
using  TCPUE.  At  all  sites  other  than  MFHRM  5 1 .4,  there 
was  a  notable  absence  of  numerous  age  classes.  Mussels 
at  these  sites  were  mostly  large  old  individuals.  Although 
10.3%  of  all  mussels  collected  during  TCPUE  surveys 
were  gravid,  no  recruitment  of  juvenile  mussels  was 
evident.  Because  of  the  absence  of  recruitment  at  most 
sites  in  the  river,  we  recognize  a  possible  crisis  regarding 
the  potential  extirpation  of  uncommon  freshwater  mussels 
in  most  of  the  MFHR.  If  conditions  that  inhibit 
recruitment  and  reproduction  of  mussels  in  the  river  do 
not  improve  before  most  individuals  in  the  older  age 
classes  die,  then  several  additional  species  of  freshwater 
mussels  may  be  eliminated  from  the  river. 
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INTRODUCTION 

Ongoing  inventory  of  the  arthropods  of  Virginia 
conducted  by  the  Virginia  Museum  of  Natural  History 
(VMNH)  and  the  Virginia  Division  of  Natural  Heritage, 
Department  of  Conservation  &  Recreation  (VDNH),  has 
resulted  in  the  addition  of  numerous  species  to  the  fauna 
of  the  Commonwealth  as  currently  recorded.  A 
substantial  number  have  already  been  documented  in 
previous  issues  of  Banisteria ,  and  this  occasion  is  taken  to 
augment  the  list  of  Heteroptera 

COREIDAE 

My  summary  of  Virginia  coreids  (1975)  accounted 
15  species  known  from  Virginia  at  that  time,  with  the 


likely  occurrence  here  of  six  others.  In  1992  I  added 
Acanthocephala  declivis  and  a  few  years  later  (1994) 
formally  proposed  to  delete  Chelinidea  vittiger,  thus 
maintaining  the  base  number  of  15.  It  is  now  possible  to 
make  a  modest  increase  with  a  capture  that  confirms  one 
of  the  “probables”  listed  in  the  original  account. 

Ceraleptus  americanus  Stal 

In  preparing  my  treatment  of  coreids  in  1973-74,  I 
overlooked  Froeschner’s  (1963)  synopsis  of  Ceraleptus , 
and  mistakenly  considered  Raleigh,  North  Carolina,  to  be 
the  northernmost  point  in  the  range  of  C.  americanus , 
probably  because  Blatchley  cited  specimens  from  Florida 
and  Indiana  as  being  “...the  only  records  from  east  of  the 
Mississippi.”  Froeschner  added  Mississippi,  Louisiana, 
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and  the  District  of  Columbia  to  the  list.  The  most  recent 
statement  about  distribution  is  in  the  catalog  of  North 
American  Heteroptera  (Henry  &  Froeschner,  1988),  in 
which  New  York  is  added  to  the  list  of  eastern  states  of 
record.  Dr.  Henry  advises  me  (in  litt.)  that  the  inclusion 
of  New  York  is  based  on  a  record  for  “Long  Island”  by  H. 
B.  Weiss  (1916)  in  an  obscure  reference  overlooked  by 
Blatchley.  The  range  as  currently  known  thus  extends 
from  Long  Island  to  northern  Florida,  thence  west  to 
California,  and  northward  to  Indiana,  Missouri,  and  Utah 
(whether  continuous  or  disjunctly  is  not  known).  The 
species  is  certainly  not  easy  to  collect,  and  many  of  the 
state  occurrences  are  based  on  single  captures  only. 

Virginia  can  now  be  entered  in  the  states  of  record  for 
americanus,  on  the  basis  of  a  single  specimen  (VMNH) 
taken  in  a  Malaise  trap  operated  by  David  R.  Smith  at  a 
site  1.4  km  south  of  Dunnsville,  Essex  Co.,  Virginia, 
during  a  two-week  trapping  interval  ending  on  1 1  April 
1991.  Processing  of  the  enormous  collection  presented  to 
the  museum  by  Dr.  Smith  has  included  so  far  15  or  20 
samples  from  that  site,  but  that  only  the  single  americanus 
has  been  recovered  suggests  that  the  specimen  was  merely 
a  transient  rather  than  a  local  resident.  The  preferred 
habitat  of  the  species  seems  not  to  be  known. 

That  only  four  localities  are  known  for  Florida 
(Baranowski  &  Slater,  1986),  in  which  insects  have  been 
collected  as  intensely  as  anywhere  else  in  the  country, 
may  reflect  actual  rarity,  perhaps  of  a  species  in  advanced 
decline  with  only  marginal,  widely  dispersed  populations, 
still  surviving. 

My  1975  treatment  relied  upon  a  technical  distinction 
in  wing  venation  to  separate  Pseudophloeinae,  and 
Ceraleptus,  from  the  other  two  subfamilies  of  coreids  in 
Virginia.  For  quick  recognition  of  C.  americanus ,  the 
dense  pronotal  granules,  each  with  an  erect  seta,  provide 
an  easy  character  to  see.  The  general  habitus  is  that  of  a 
small  Anasa,  except  for  the  somewhat  incrassate 
metafemora  with  several  sharp  ventral  spines. 

LYGAEIDAE  (RHYPAROCHROMIDAE) 

My  1996  treatment  of  the  Virginia  seed  bugs 
accounted  68  confirmed  species  for  the  state,  and  included 
eight  others  whose  known  ranges  made  them  likely 
candidates  for  future  in-state  discovery.  One  of  the  eight 
has  in  fact  turned  up,  as  well  as  another  whose  capture 
represents  such  an  enormous  range  extension  that  the 
species  would  never  have  been  anticipated  to  occur  here. 

The  classical  family  Lygaeidae  was  divided  by  Henry 
(1997)  into  1 1  families,  an  action  which  has  not  yet  been 
endorsed  by  all  heteropterists.  Following  the  new 
arrangement,  the  two  taxa  treated  below  would  be  placed 
in  the  Rhyparochromidae. 


Botocudo  modestus  (Banks) 

One  reliable  way  to  increase  the  membership  in  any 
group  of  local  organisms  is  to  publish  a  supposedly 
complete  list  for  the  region.  Shortly  thereafter  additional 
species  begin  to  show  up,  some  of  them  even  having  been 
already  present  in  one’s  unsorted  backlog.  For  many 
kinds  of  arthropods,  the  newcomers  may  be  so  far  out  of 
their  known  ranges  as  to  have  never  even  merited 
consideration  as  “probables”. 

The  smaller  forms  of  lygaeid  bugs  provide  numerous 
examples  of  unlikely  captures,  often  hundreds  of  miles 
removed  from  the  nearest  known  locality.  One  such  case 
is  that  of  Tempyra  biguttula  (Stal):  known  from  Kansas, 
Missouri,  and  Texas,  with  a  few  specimens  also  taken  at 
Plummers  Island,  Maryland.  Botocudo  modestus  provides 
another  interesting  local  example  of  a  similar  ,  somewhat 
enigmatic,  disjunction.  On  20  July  1994,  a  pair  of  adult 
specimens  was  captured  in  a  pitfall  operated  by  C.  S. 
Hobson  (VDNH)  on  the  north  side  of  Wallops  Island, 
Accomack  Co.,  Virginia.  During  preparation  at  VMNH, 
I  recognized  them  as  a  species  related  to  Antillocoris ,  but 
was  unable  to  make  a  generic  placement.  The  male  was 
sent  to  Professor  Slater,  who  reported,  with  some  reserv¬ 
ation,  that  it  was  apparently  B.  modestus. 

Botocudo  is  a  Neotropical  genus  in  the  tribe 
Antillocorini,  with  two  species  represented  in  the  United 
States.  Of  these,  B.  delineatus  ranges  from  Texas  and 
California  to  Panama,  while  modestus  has  been  known 
from  Arkansas  and  Missouri,  westward  to  California.  The 
distance  from  Missouri  to  Wallops  Island  is  on  the  order 
of  1000  miles  (1600  km).  The  fact  that  two  brachypterous 
adults  were  trapped  certainly  implies  an  established 
population.  Less  certain  is  the  origin  of  the  population. 
Is  it  an  extreme  disjunct  from  a  former  continent-wide 
distribution,  or  just  one  located  by  serendipitous  capture 
of  a  small,  secretive  bug  that  occurs  widely  in  eastern 
North  America  in  some  rarely  sampled  biotope?  A 
perhaps  less  plausible  possibility  is  that  of  accidental 
introduction  in  materials  transported  to  the  Wallops  Island 
NASA  base  from  a  related  facility  in  one  of  the  more 
western  states. 

Botocudo  modestus  is  in  the  same  size  range  as  the 
local  species  of  Antillocoris  (i.  e.,  2  -  3  mm  long).  The 
character  used  in  my  1996  definition  of  Antillocoris  (and 
Antillocorini)  -  the  offset  in  the  posterior  edge  of  the 
hemelytral  corium  -  does  not  occur  in  brachypterous 
specimens,  and  is  very  hard  to  see  even  when  it  is  present 
in  fully-winged  specimens.  For  all  practical  purposes,  the 
conspicuous  difference  between  our  two  local  genera  is 
the  shape  of  the  pronotum:  subquadrate  in  Botocudo, 
conspicuously  narrowed  anteriad  in  Antillocoris  (see 
drawings).  B.  modestus  is  dorsally  piceous  to  black 
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Fig.  1.  Botocudo  modestus  (Banks),  showing  body  shape 
and  coloration.  Fig.  2.  Pronotum  of  Antillocoris  discretus 
Barber,  showing  trapezoidal  outline. 

overall,  with  the  elytra  testaceous-beige,  each  with  two 
poorly-defmed  darker  spots.  The  head  and  pronotum  are 
smooth  and  polished,  the  scutellum  fmely  granular  and  not 
quite  so  dark  as  the  forebody  (Fig.  1). 

During  the  summer  and  Fall  of  1998,  staff  of  the 
Division  of  Natural  Heritage  conducted  intensive  surveys 
of  the  arthropod  fauna  of  Assateague  Island,  only  three 
miles/five  km  north  of  Wallops  Island  and  presumably 
with  essentially  similar  biotopes.  Not  a  single  specimen 
of  Botocudo  was  secured,  despite  collecting  techniques 
that  included  black-lighting,  Malaise  traps,  and  pitfalls. 

Drymus  unus  (Say) 


As  recently  as  1996,  I  had  not  seen  an  authentic 
Virginia  specimen  of  this  miniature  version  of  the 
common  Drymus  crassus,  although  records  for  North 
Carolina  and  Maryland  certainly  implicated  unus  as  a 
probable  resident  of  this  state.  Now  two  specimens  are  at 
hand  which  confirm  that  probability,  and  raise  the  number 
of  confirmed  “lygaeids”  from  68  to  70. 

Floyd  Co.\  Buffalo  Mountain,  ca.  3500  ft.,  23 
October  1996,  from  berleseate  extraction  of  deciduous 
forest  litter,  VMNH  survey  (1).  Louisa  Co.:  four  miles 
south  of  Cuckoo,  29  August-5  September  1986,  Malaise 
trap,  David  R.  Smith  leg.  et  don.  (1). 

These  individuals  agree  closely  with  Connecticut 
material  provided  by  Prof.  Slater,  and  confirm  the 
diagnostic  characters  stipulated  in  my  key  (1996:  45)  with 
the  reservation  that  the  supposed  difference  in  pronotal 
punctation  is  perhaps  too  subjective  to  be  reliable.  But  an 
additional,  previously  overlooked,  distinction  is  the 
bicolored  apical  antennomere  in  unus:  proximally  dark 
brown,  distally  light  testaceous-yellow  (vs.  uniformly  dark 
brown  in  crassus ).  If  confirmed  in  larger  series,  this 
feature  will  be  helpful  in  separating  members  of  these 
very  closely  similar  species. 

PHYMATIDAE 

Lophoscutus  prehensilis  prehensilis  (Fabricius) 

The  northernmost  locality  for  this  subtropical  ambush 
bug  reported  in  the  literature  appears  to  be  that  of  Brimley 
(1938)  for  Southern  Pines,  North  Carolina.  Despite 
extensive  field  work  in  extreme  southeastern  Virginia 
during  the  past  decade,  this  species  escaped  detection 
until  1993,  when  it  was  taken  at  two  localities  in  the 
Hampton  Roads  area  by  Dr.  Barbara  J.  Abraham. 

Poquoson  City:  Big  Salt  Marsh,  NASA  Plum  Tree 
Island  Test  Site,  15  May  1993  (1).  Hampton  City: 
Grandview  Wildlife  Preserve,  1  May  1993  (1).  Dr. 
Abraham  collected  the  specimens  while  sweeping  low 
vegetation  for  spiders,  and  recognized  them  as  unusual. 

These  records  extend  the  documented  range  of 
prehensilis  approximately  212  miles  (330  km)  north¬ 
eastward  along  the  Atlantic  Coastal  Plain. 

MIRIDAE 

Teratocoris  discolor  Uhler 

The  Henry  &  Froeschner  catalog  (1988:  388)  records 
this  species  from  most  of  the  Canadian  provinces  -  British 
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Columbia  to  Quebec  -  and  from  the  states  of  Colorado, 
Illinois,  Indiana,  Iowa,  Massachusetts,  Michigan, 
Missouri,  New  York,  Ohio,  and  Utah.  A  distinctly 
subboreal  distribution  is  thus  implied,  with  a  southward 
extension  along  the  Rockies. 

It  was  therefore  a  matter  of  some  concern  when  a 
small  series  of  mirids  taken  in  extreme  southeastern 
Virginia  was  identified  convincingly  as  Teratocoris ,  and 
with  some  reservation  as  T.  discolor ,  in  Blatchley’s 
manual.  Not  only  is  the  Virginia  population  disjunct  far 
southward,  it  inhabits  a  biotope  (oceanic  dunes)  rather 
different  from  those  available  in  the  cohesive  part  of  the 
range. 

The  material  at  hand  (VMNH  3,  USNM  1)  was 
collected  in  False  Cape  State  Park,  Virginia  Beach  City, 
18-21  May,  1998,  by  a  VDNH  team  composed  of  S.  M. 
Roble,  J.  C.  Ludwig,  C.  S.  Hobson,  and  A.  C.  Chazal. 
The  specimens  were  taken  by  blacklight  trapping  near  the 
Wash  Woods  Environmental  Education  Center.  This 
locality  is  sufficiently  remote  to  rule  out  any  liklihood  of 
accidental  introduction  from  a  more  northern  source,  and 
Dr.  Henry,  who  kindly  confirmed  the  identification, 
advised  me  (in  litt.)  that  the  USNM  collection  has 
material  from  Maryland  -  substantiating  the  natural 
presence  of  discolor  in  the  Middle  Atlantic  states. 

Nonetheless,  this  extension  of  the  known  range  along 
the  Atlantic  coastline,  rather  than  down  the  higher 
Appalachians,  is  noteworthy,  and  brings  to  mind  a 
somewhat  similar  pattern  noted  by  Hoffman  &  Parker 
(1997)  for  a  northern  caddisfly,  Limnephilus  moestus 
(Banks),  which  occurs  also  in  the  Coastal  Plain  from  New 
Jersey  to  Lake  Waccamaw,  North  Carolina.  An  additional 
parallel  has  been  recorded  (Cross,  1972)  for  the  dytiscid 
beetle  Hygrotus  impressopunctatus  Schaller,  a  Holarctic 
species  occurring  across  North  America  to  New  York  and 
Pennsylvania,  and  disjunctly  down  the  coast  to 
Chincoteague  Island,  Accomack  Co.,  Virginia. 

Tytthus  alboornatus  Knight 

This  minuscule  mirid  has  heretofore  been  recorded 
only  from  New  York  and  Florida.  Its  recent  discovery  in 
Virginia  does  not  constitute  a  range  extension,  but  does 
fill  in  a  major  lacuna,  and  establishes  the  species  further 
inland  than  previously  known.  VMNH  has  specimens 
from  two  sites: 

Virginia  Beach  City.  Dam  Neck  Naval  Base,  “dune 
drift  fence  site”,  10-25  June  1991,  VDNH  survey  by  K. 
A.  Buhlmann  (1).  Mecklenburg  Co.:  Elm  Hill  Wildlife 
Management  Area,  1 1-29  May  1995,  VMNH  survey  (4). 

The  specimens  from  Elm  Hill  WMA  were  taken  in  a 
two-bucket  pitfall-drift  fence  array  set  in  a  former 
cultivated  field,  about  50  feet  from  the  edge  of  the 


Roanoke  River.  This  sandy  floodplain  site  is  periodically 
mowed;  during  the  intervals  it  is  in  an  early  successional 
stage  dominated  by  little  bluestem  grass  ( Schizachyrium 
scoparium  [Michaux].),  several  species  of  Rubus,  and  a 
host  of  composites.  Although  this  trap  was  maintained  for 
over  a  year,  no  other  specimens  were  captured,  nor  were 
any  taken  in  a  similar  trapline  placed  a  few  yards  further 
away  from  the  river’s  edge.  This  site  is  located  in  the 
central  Virginia  Piedmont,  about  140  miles  (225  km) 
inland  from  the  Dam  Neck  locality,  and  only  four  miles 
(six  km)  from  the  North  Carolina  state  line. 

During  sorting  of  the  pitfall  sediments,  the  mirids 
were  conspicuous,  despite  their  small  size,  by  the  bright 
crimson  eyes.  The  generic  name  is  very  appropriate,  if  in 
fact  not  an  understatement,  being  the  Greek  word  meaning 
“little”  or  “small”.  T.  alboornatus ,  at  1 .0  mm  in  length,  is 
surely  the  smallest  Virginia  species  of  mirid  and  rivals 
Ceratocombus  vagans  for  the  title  of  our  smallest 
heteropteran. 
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INTRODUCTION 

The  Blue  Ridge  Mountains  are  potentially  sensitive 
to  acid  deposition  derived  from  human  sources, 
particularly  burning  of  fossil  fuels  (Galloway  &  Cowling, 
1978;  Ryan  et  al.,  1989;  Webb  et  ah,  1989).  Because 
acidity  levels  are  expected  to  increase  in  the  eastern 
United  States  in  the  foreseeable  future,  acid  deposition 
may  increase  in  this  region  (Galloway  et  ah,  1983).  In 
Shenandoah  National  Park  (SNP),  surface  runoff 
alkalinity  concentrations  are  generally  low  throughout, 


indicating  a  potential  sensitivity  to  increases  in  acidic 
atmospheric  precipitation  (Lynch  &  Dise,  1985).  The  pH 
of  precipitation  during  pre-industrial  times  was  >5.0  but 
has  since  decreased  to  a  mean  annual  pH  of  4.2  (Camuto, 
1991).  Increasing  acidity  causes  changes  in  the  chemistry 
of  soils  and  aquatic  systems  and  can  have  dramatic  effects 
on  the  local  fauna. 

Biotic  responses  to  increases  in  acidity  in  the  Blue 
Ridge  mountains  have  been  studied  for  only  a  few 
taxonomic  groups.  Aquatic  invertebrate  abundance  and 
species  richness  were  significantly  lower  in  montane 
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Fig.  1 .  Location  of  the  three  Long-Term  Ecological  Monitoring  sites  in  Shenandoah  National  Park,  Virginia. 


streams  in  SNP  with  pH  levels  of  5.8  compared  to 
streams  with  a  pH  of  7.1  (Feldman  &  Conner,  1992).  The 
number  of  invertebrate  taxa  (generic  level  and  above)  in 
the  acid-sensitive  St.  Marys  River  in  Augusta  County, 
Virginia,  south  of  SNP,  declined  from  32  in  1936  to  17  in 
1992  (Webb  et  al.,  1989;  Kauffrnan  et  al.,  1999). 
Likewise,  the  number  of  fish  species  in  St.  Marys  River 
declined  from  12  in  1976  to  4  in  1998  due  apparently  to 
increases  in  stream  acidity  (Bugas  et  al.,  1999). 

Although  the  general  composition  of  the  amphibian 
fauna  of  SNP  is  known  (Witt,  1993),  the  distribution  of 
amphibians  by  watershed  and  stream  has  not  been 
assessed.  There  are  no  baseline  data  on  biotic  responses 
of  amphibians  occupying  those  watersheds  in  which  water 
chemistry  and  other  taxa  have  been  studied.  The  objective 
of  this  study  was  to  determine  species  richness  of 
amphibians  in  the  streams  and  associated  riparian  areas  in 
three  watersheds  designated  as  Long-term  Ecological 
Monitoring  (LTEM)  sites  in  SNP  (Ravlin  et  al.,  1990). 

MATERIALS  AND  METHODS 
Site  Descriptions 

The  three  LTER  sites  selected  for  inventories  of  the 
amphibian  fauna  were  Paine  Run,  Staunton  River,  and 
Piney  River  (Figure  1).  These  three  streams  were  selected 


because  they  represent  an  alkalinity  gradient  from  low 
acid  neutralizing  capacity  (ANC  -  Paine  Run),  to 
moderate  ANC  (Staunton  River),  to  high  ANC  (Piney 
River),  and  because  water  chemistry  parameters  and  fish 
and  invertebrate  communities  have  been  monitored 
previously.  Characteristics  of  the  three  watersheds  are 
noted  in  Table  1. 

The  ANC  of  Paine  Run  has  been  consistently  lower 
than  the  ANC  in  Piney  and  Staunton  rivers  (Bulger  et  al., 
1993;  Webb  et  al.,  1993;  Mitchell,  1998;  J.R.  Webb, 
pers.  comm.).  This  is  due  to  the  lack  of  buffering  capacity 
provided  by  the  most  common  underlying  bedrock,  the 
Hampton  formation.  There  are  several  minor  tributaries 
and  one  major  tributary  that  drain  Lefthand  Hollow  on 
the  north  side  of  the  watershed  near  the  SNP  boundary. 
The  majority  of  the  river  margin  in  which  most 
salamanders  were  found  consists  of  an  abundance  of 
small  loose  rocks,  bank  edges  with  no  associated  rock 
cover,  large  boulders,  and  patches  of  rubble  and  gravel. 
The  mainstem  substrate  is  loose  rock  of  small  to  boulder 
size  and  abundant  bedrock.  Several  pools  and  seepages 
occur  within  the  watershed  that  potentially  serve  as 
breeding  locations  for  amphibians  that  avoid  moving 
water. 

Staunton  River  has  a  moderate  capacity  to  buffer 
acid  deposition  and  alkalinity  readings  have  been 
consistent  over  the  past  decade  (Webb  et  al.,  1993;  J.R. 
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Webb,  pers.  comm.)  (Table  1).  The  underlying  granitic 
bedrock  (mostly  Pedlar  formation)  provides  some 
buffering  capacity.  There  is  one  primary  tributary  in  the 
lower  reach  of  the  river  (Wilson  Run),  and  two  smaller 
tributaries  join  the  river  in  the  middle  section.  The 
substrate  throughout  the  mainstem  and  major  tributaries 
consisted  mainly  of  patches  of  boulders,  large  rocks, 
small  rocks,  patches  of  rubble  and  gravel,  and  bank 
margin  without  cover  objects.  Many  of  the  rocks  were 
covered  with  mosses.  Mainstem  substrate  consists  of 
boulders,  large  rocks,  and  bedrock.  Seepage  areas  and 
pools  occur  along  the  stream  margin.  The  canopy  was 
complete  for  nearly  the  entire  length  of  the  watershed 
until  the  catastrophic  flood  of  27  June  1995  (Smith  et  al., 
1996;  Mitchell,  1998)  destroyed  the  lower  section  of  the 
river. 

Piney  River  has  a  higher  capacity  to  buffer  acid 
deposition.  Alkalinity  readings  throughout  the  late  1980s 
and  early  1990s  show  values  well  above  the  danger  zone 
for  many  aquatic  animals  (>100  peq/L)  .  During  1992- 
1997  the  lower  pH  levels  were  6.38-6.67  (J.R.  Webb, 
pers.  comm.)  (Table  1).  The  underlying  Catoctin  form¬ 
ation,  characterized  by  metamorphosed  basalt  beds  that 
originated  as  ancient  lava  flows  (Gathright,  1976), 
provides  high  buffering  capacity.  There  are  no  major 
tributaries.  The  stream  margin  substrate  throughout  much 
of  the  mainstem  consists  of  small  rock,  river  bank  lacking 
cover  objects,  large  rocks,  boulders,  and  rubble  and 
gravel  bars.  The  mainstem  consists  of  boulders,  large  to 
small  rocks,  and  bedrock.  Seepages  are  scattered  along 
the  mainstem  and  in  the  minor  tributaries. 


Methods 

Streamside  salamander  assemblages  were 
inventoried  in  the  three  watersheds  with  three  survey 
techniques  (Heyer  et  al.,  1994):  time-constrained  visual 
encounter  surveys,  randomly-placed  1  -meter  square 
quadrats  along  linear  transects  at  the  stream  edge,  and 
haphazard  surveys  during  hikes  through  the  watersheds. 
Surveys  were  conducted  from  September  1 994  to  August 
1998  (Table  2).  Surface  objects  were  turned  over  and  all 
microhabitats  that  might  harbor  amphibians  were 
searched  thoroughly.  All  individuals  encountered  were 
identified,  and  relative  location  (upper,  lower  reaches) 
and  habitat  (e.g.,  seep,  tributary,  mainstem)  noted.  Adult 
and  immature  life  history  stages  were  also  recorded  for 
most  individuals.  Occurrence  of  two  species  of  frogs  was 
determined  from  their  species-specific  male  vocalizations 
(frog  calls). 

RESULTS 

Species  Richness  and  Diversity 

A  total  of  nine  frog  species  and  seven  salamander 
species  were  documented  during  this  study  (Table  3). 
Fifteen  amphibian  species  were  recorded  in  1995  for  all 
three  LTEM  watersheds  combined  (7  frogs,  8 
salamanders),  thirteen  species  (6  frogs,  7  salamanders) 
were  recorded  for  1996,  10  species  in  1997  (4  frogs,  6 
salamanders),  and  6  species  in  1998  (1  frog,  5 
salamanders).  The  highest  total  species  richness  recorded 


Table  1 .  Characteristics  of  the  three  LTER  watersheds  in  Shenandoah  National  Park,  Virginia. 


Lowest  pH  levels 
(1992-1997) 

Underlying 

bedrock 

Mainstem  length 
(km) 

Elevation  range 
(m) 

Canopy 

Paine  Run 

4.98-5.21 

Hampton 

formation 

5 

424 

mostly  complete 

Staunton 

River 

6.03-6.17 

granitic;  Pedlar 
formation 

5.5 

308 

complete  until 
flood  in  June 
1995 

Piney  River 

6.38-6.67 

Catoctin 

formation 

6.5 

347 

complete 
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Table  2.  Survey  dates  for  amphibians  in  the  three  LTER  watersheds  in  the  Shenandoah  National  Park,  Virginia. 


1994 

1995 

1996 

1997 

1998 

Paine  Run 

9  Sep 

8  May 

5  &  18  Jul 
28-29  Aug 

6  &  12  Sep  19 
Oct 

17  May 

17  &  25  Jun 

17  Jul 

5  Oct 

26  Jul 

4,  10,  23,  &  28 
Aug 

10,  16,  &  21  Sep 

21  &  23  Jul 

Staunton  River 

21  Sep 

26  Apr 

16  May 

8  Jun 

1  Aug 

13,  19,  &20  Sep 

17  Oct 

7  &  13  Jun 

1  &  24  Jul 
25-26  Sep 

6  &  29  Aug 

2  &  12  Sep 

15  Oct 

16  &  30  Jul 

16  Aug 

Piney  River 

22  Sep 

26  Apr 

22  May 

7  &  17  Jul 

30  Aug 

20  Sep 

3  May 

14  &  24  Jun 

25  Jul 

8  Aug 

25  &  26  Sep 

2,  6,  9,  12,  &  13 
Oct 

4  &  13  Aug 

was  in  Paine  Run  (15),  whereas  the  lowest  was  in  Piney 
River  (8).  Paine  Run  contained  the  highest  total  frog 
diversity  with  nine  species.  Salamander  assemblages  were 
similar  among  the  three  watersheds  (Table  3).  Plethodon 
cylindraceus  was  not  found  in  Paine  Run  in  the  five  years 
of  this  study,  whereas  it  was  recorded  for  the  other  two 
sites.  Five  Pseudotriton  ruber  were  found  in  Paine  Run 
and  one  in  Staunton  River.  Four  species  of  salamanders 
were  abundant  in  all  three  rivers:  Desmognathus  fuscus , 
D  monticola,  Eurycea  bislineata,  and  Gyrinophilus 
porphyriticus.  Together,  these  species  comprised  the 
majority  of  salamanders  encountered  during  this  study. 
Juveniles  and/or  larvae  of  most  species  of  streamside 
salamanders  were  observed  in  all  three  watersheds.  The 
number  of  frog  species  increased  substantially  in  Staunton 
River  that  year  following  the  catastrophic  flood  in  June 
1995  (Mitchell,  1998). 

SPECIES  ACCOUNTS 

Frogs 

Acris  crepitans  crepitans  (Eastern  cricket  frog)  -  One 
adult  male  was  observed  in  Paine  Run  on  19  October 
1995. 

Bufo  americanus  americanus  (American  toad)  -  One 
juvenile  was  observed  in  the  lower  portion  of  Paine  Run 
on  12  September  1995.  Two  recent  metamorphic 


individuals  were  found  in  lower  Staunton  River  on  6 
August  1997.  One  adult  was  found  in  upper  Staunton  on 
2  September  1997. 

Bufo  fowleri  (Fowler’s  toad)  -  Single  juveniles  of  this 
toad  were  observed  on  the  trail  in  the  lower  portion  of 
Paine  Run  on  12  September  1995  and  17  June  1996.  A 
large  aggregation  of  tadpoles  and  several  recent 
metamorphs  were  observed  in  a  pool  in  the  lower, 
inundated  portion  of  Staunton  River  on  1  July  1996.  A 
large  adult  female  was  found  in  lower  Paine  Run  on  28 
August  1997. 

Hyla  versicolor  (Gray  treefrog)  -  Two  individual  males 
were  heard  calling  at  the  upper  end  of  the  Paine  Run 
watershed  on  17  May  1996.  Numerous  recently 
metamorphosed  individuals  were  observed  in  the  lower 
portion  of  the  Staunton  River  among  the  stagnant  and 
slow-movement  pools  adjacent  to  the  mainstem  on  1  July 
1996. 

Pseudacris  crucifer  crucifer  (Spring  Peeper)  -  One  male 
was  heard  in  the  lower  portion  of  Paine  Run  on  19 
October  1995. 

Rana  catesbeiana  (American  Bullfrog)  -  I  tentatively 
identified  an  adult  frog  that  jumped  from  a  rock  into  the 
upper  portion  of  Piney  River  on  17  July  as  this  species, 
however,  since  the  identification  is  tentative;  it  is  not 
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included  in  Table  3.  An  immature  bullfrog  was  caught  in 
lower  Paine  Run  on  5  October  1996. 

Rana  clamitans  malanota  (Northern  green  frog)  -  This 
species  has  been  observed  in  all  three  LTEM  sites. 
Tadpoles  were  observed  in  a  pool  near  the  confluence  of 
the  Staunton  and  Rapidan  rivers  on  17  October  1995. 
One  immature  was  caught  along  the  stream  edge  in  Paine 
Run  on  17  June  1996.  Several  aggregations  of  tadpoles 
containing  up  to  three  size  classes  (suggesting  three 
separate  egg-laying  events)  were  recorded  in  lower 


Staunton  River  on  1  July  1996.  An  adult  was  observed  in 
a  pool  in  the  Piney  River  floodplain  on  22  May  1995. 
One  juvenile  was  observed  in  lower  Staunton  on  20 
August  1997  and  in  lower  Paine  Run  on  28  August  1997. 

Rana  palustris  (Pickerel  frog)  -  This  is  a  relatively 
numerous  frog  in  Paine  Run.  Juveniles  and  adults  have 
been  caught  under  streamside  rocks  throughout  the 
watershed  between  17  June  and  5  October.  A  single  adult 
was  caught  while  it  was  hiding  in  a  rock  crevice  adjacent 
to  the  upper  portion  of  Piney  River  on  17  July  1995,  and 


Table  3.  Amphibian  species  encountered  in  the  three  Long-Term  Ecological  Monitoring  watersheds  in  Shenandoah 
National  Park,  Virginia,  during  1994-1998  based  on  all  methods  used  in  this  study.  Abbreviations:  A=  abundant  (>20 
individuals),  C  =  common  (5-19),  U  =  uncommon  (<5).  Range  of  relative  abundances  refer  to  differences  among  years. 
Blank  spaces  indicated  no  observations. 


Species 

Paine  Run 

Staunton  River 

Piney  River 

Frogs: 

Acris  crepitans 

U 

Bufo  aniericanus 

u 

U 

Bufo  fow/eri 

u 

A 

Hyla  versicolor 

u 

A 

Pseudacris  crucifer 

u 

Rana  catesbeiana 

u 

* 

Rana  clamitans 

u 

A-U 

U 

Rana  palustris 

c-u 

U 

u 

Rana  sylvatica 

c-u 

u 

Salamanders: 

Desmognathus  fuscus 

A-C 

A-C 

A-U 

Desmognathus  monticola 

A-C 

A-U 

A-C 

Eitn’cea  bislineata 

A-U 

A-C 

A-C 

Gyrinophil us  porphyriticus 

A-C 

A-U 

C-U 

Plethodon  cinereus 

C-U 

C-U 

C-U 

Plethodon  cylindraceus 

U 

U 

Pseudotriton  ruber 

C-U 

u 

Total  no.  frog  species 

7 

4 

2 

Total  no.  salamander  species 

6 

6 

6 

Total  no.  of  species 

15 

13 

8 
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one  was  found  under  a  rock  10  m  from  the  stream  edge 
on  3  May  1996.  In  1997,  adult  pickerel  frogs  were 
observed  in  lower  Paine  Run  on  4  and  28  August,  in 
lower  Staunton  River  on  6  August,  and  in  lower  Piney 
River  on  8  August.  One  adult  was  observed  in  Piney 
River  on  4  August  1998. 

Rana  sylvatica  (Wood  frog)  -  This  species  as  was 
numerous  in  Paine  Run  as  pickerel  frogs.  Adults  and 
juveniles  were  caught  in  both  upper  and  lower  portions 
between  28  August  and  5  October;  most  of  the 
individuals  observed  in  fall  months  were  juveniles.  A 
single  recently-metamorphosed  individual  was  caught  in 
the  inundated  portion  of  the  Staunton  River  on  1  July 
1996,  indicating  at  least  one  breeding  event  in  this 
watershed  that  year. 

Salamanders 

Desmognathus  fuscus  fuscus  (Northern  dusky 
salamander)  -  This  is  a  widespread  salamander  and  is  a 
common  inhabitant  of  mountain  streams  and  tributaries.  It 
occurs  in  shallower  water  than  the  seal  salamander  and 
less  often  in  flowing  water.  It  was  found  in  seepage  areas 
in  the  watersheds  instead  of  mainstream  habitats.  This 
species  ranked  third  to  fourth  in  relative  abundance  in  the 
three  LTEM  sites  1995-1998.  Only  once  did  it  rank 
second,  in  upper  Piney  River  in  1997,  by  the  quadrat 
method. 

Desmognathus  monticola  (Seal  salamander)  -  It  is  the 
first-  to  second-most  abundant  streamside  salamander  in 
this  study.  It  was  commonly  encountered  throughout  each 
of  the  watersheds  along  the  stream  edge  in  all  years  of 
study  and  less  so  in  seepage  areas.  All  age  classes  were 
observed  in  each  of  the  years  of  study. 

Eurycea  bislineata  (Northern  two-lined  salamander)  - 
This  species  was  formerly  known  as  E.  b.  bislineata  but 
was  elevated  to  species  level  by  Jacobs  (1987).  It  is  the 
ecological  equivalent  to  the  southern  two-lined 
salamander  ( Eurycea  cirrigera).  Distributional  limits  of 
these  sibling  species  have  been  delineated  by  Mitchell  & 
Reay  (1999)  and  SNP  populations  are  referable  to  E. 
bislineata.  Two-lined  salamanders  were  frequently 
recorded  as  the  second-most  abundant  species  in  the  three 
watersheds.  It  was  abundant  in  each  of  the  streams  in  all 
years  of  study.  Adults  and  juveniles  were  found  primarily 
within  the  small  rocky  microhabitat  along  stream  edges. 
They  appeared  to  tolerate  lower  surface  moisture 
conditions  than  either  of  the  Desmognathus ,  but  this 
physical  property  was  not  quantified. 


Gyrinophilus  porphyriticus  porphyriticus  (Northern 
spring  salamander)  -  This  is  an  important  predator  of  all 
other  streamside  salamanders.  It  was  the  third  or  fourth 
abundant  species  encountered  in  the  LTEM  sites  during 
1995-1998.  Most  individuals  (adults  and  larvae)  were 
found  in  flowing  water  under  rocks. 

Plethodon  cinereus  (Red-backed  salamander)  -  Red- 
backed  salamanders  are  usually  the  most  abundant 
terrestrial  salamander  in  Appalachian  and  Blue  Ridge 
forests.  They  were  encountered  incidental  to  searches  for 
streamside  salamanders.  We  found  them  only  in  1995  and 
1996  in  each  of  the  watersheds. 

Plethodon  cylindraceus  (White-spotted  slimy 
salamander)  -  This  is  the  larger  of  the  two  completely 
terrestrial  species.  It  was  recorded  incidentally  during 
searches  focusing  on  the  streamside  salamanders.  Slimy 
salamanders  were  found  in  Staunton  River  and  Piney 
River  watersheds,  but  not  the  Paine  Run  watershed. 

Pseudotriton  ruber  ruber  (Northern  red  salamander)  - 
Adults  of  this  species  were  observed  twice  in  Paine  Run 
in  1995  and  1998,  and  once  in  lower  Paine  Run  on  10 
September  1997.  One  individual  was  observed  in  lower 
Staunton  River  on  6  August  1997.  None  was  found  in  the 
Piney  River  watershed  during  any  year  of  the  study.  It 
was  the  rarest  of  the  streamside  salamanders  observed  in 
these  watersheds. 

DISCUSSION 

Streamside  salamander  faunas  throughout  the 
northern  Blue  Ridge  Mountains  are  similar  to  those 
studied  in  the  three  watersheds  in  SNP.  The  fauna  of 
Laurel  Ridge  Stream,  Nelson  County,  in  September  1995 
and  1996  consisted  of  the  following  species  (in 
decreasing  rank  order  based  relative  abundance):  D. 
monticola ,  D.  fuscus ,  E.  bislineata,  G.  porphyriticus 
(Mitchell,  unpublished).  Plethodon  cinereus,  P. 
cylindraceus,  and  Notophthalmus  viridescens  occurred  in 
the  adjacent  forest.  Rank  order  of  streamside  salamanders 
in  St.  Marys  River  in  Augusta  County  differed  between 
years  (D.  fuscus,  1997  -  21%,  1998  -  6%,  respectively;  D. 
monticola,  39%,  40%;  E.  cirrigera,  17%,  0%;  G. 
porphyriticus,  22%,  4%;)  but  was  otherwise  similar  to  the 
faunas  of  the  three  streams  in  SNP  (Kirk  &  Mitchell, 
1999).  Comparisons  among  frog  faunas  in  Blue  Ridge 
Mountain  streams  cannot  be  made  because  of  the  lack  of 
published  studies. 

Despite  the  fact  that  Paine  Run  has  low  ANC  and  the 
lowest  pH  values  of  the  three  LTEM  watersheds,  it 
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supported  the  highest  amphibian  species  richness  of  all 
three  areas  studied  in  SNP.  The  low  pH  values  are 
apparently  within  the  tolerance  limits  of  the  salamander 
species.  Juveniles,  hatchlings,  and/or  larvae  of  most  of  the 
salamanders  were  observed,  indicating  that  these  species 
were  maintaining  reproducing  populations  in  these 
watersheds  during  the  study  period.  We  do  not  know  if  all 
of  the  frog  populations  reproduce  successfully  in  each 
watershed  but  the  presence  of  eggs,  tadpoles,  and 
metamorphs  of  some  species  suggests  that  they  also 
tolerate  acid  levels  currently  present  in  Paine  Run.  In 
addition,  no  abnormal  individuals  or  other  indications  of 
unhealthy  animals,  environmental  contamination,  or 
genetic  damage  were  noted  during  this  study.  Kirk  & 
Mitchell  (1999)  found  no  significant  difference  between 
overall  salamander  densities  in  samples  taken  in  1998  and 
those  obtained  in  1936  and  1937  from  St.  Marys  River. 
Thus,  acid  deposition  and  the  lack  of  buffering  capacity 
in  Paine  Run  compared  to  Staunton  River  and  Piney 
River  appears  to  have  had  little  detrimental  affect  on  the 
amphibian  communities  in  the  three  LTEM  watersheds  in 
SNP  during  the  1994-1998  study  period. 

Although  salamander  populations  have  apparently 
not  been  affected  directly  by  acid  precipitation,  they  may 
be  altered  in  other  ways  (e.g.,  physiologically, 
reproductively,  growth  rates,  survivorship)  or  through 
indirect  effects  on  invertebrate  prey  and  their  nutrient 
sources  (see  Kirk  &  Mitchell,  1999,  for  literature).  Fish 
densities  and  distribution  may  have  greater  effects,  as 
they  prey  on  salamander  eggs,  juveniles,  and  adults.  Fish, 
especially  brook  trout  ( Salvelinus  fontinalis )  are  known  to 
affect  the  structure  of  streamside  salamander 
communities  in  the  Appalachian  Mountains  (Resetarits, 
1991,  1995).  Fish  effects  on  frogs  are  unknown  but  are 
likely  to  be  less  important  because  most  anurans  breed  in 
shallow  pools  left  over  from  declining  water  levels  and 
may  encounter  fish  less  often.  The  structure  and  diversity 
of  amphibian  populations  and  communities  in  montane 
streams  in  the  Blue  Ridge  is  likely  to  be  dynamic  because 
of  all  of  the  factors  discussed  above.  Productive  future 
research  in  these  montane  streams  could  focus  on  age 
structure  and  microdistribution  of  all  species  present 
relative  to  predators,  prey,  and  acidity  in  microhabitats. 

Although  I  did  not  quantify  results  from  the  three 
techniques  used  in  this  study  here  (but  see  Mitchell, 
1998),  there  were  differences  among  methods.  Time- 
constrained  visual  encounter  surveys  and  searches  of 
randomly-placed  quadrats  along  the  stream  edge  yielded 
similar  results.  Nearly  all  of  the  species  encountered  were 
salamanders  because  these  techniques  were  limited  to  the 
stream  course.  Haphazard  surveys  included  searching 
trails  and  terrestrial  habitats,  in  addition  to  the  stream. 
This  method  yields  more  species  than  the  other  two. 


Nearly  all  the  results  for  anurans  were  derived  from  this 
technique.  Species  richness  surveys  of  other  watersheds 
in  SNP  would  benefit  most  from  the  use  of  the  haphazard 
technique. 
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The  southern  Appalachian  mountains  support  a  rich 
small  mammal  fauna,  with  representatives  that  are 
typical  of  boreal  climes  often  existing  in  sympatry  with 
species  associated  with  southern  regions  (Guilday, 
1971).  The  rock  vole,  Microtus  chrotorrhinus ,  is  a 
boreal  rodent  whose  geographic  distribution  extends 
from  eastern  Canada  south  along  the  Appalachians  to 
North  Carolina  and  Tennessee  (Kirkland  &  Jannett, 
1982).  Microtus  chrotorrhinus  typically  inhabits  moist, 
rocky  habitats  within  this  region,  although  clearcuts  and 
disturbed  habitats  may  also  be  utilized.  Southern 
populations  are  considered  disjunct  (Kirkland  & 
Jannett,  1982),  and  may  be  adversely  affected  by 
natural  and  anthropogenic  habitat  fragmentation  and 
destruction  (Handley  &  Gordon,  1980;  Pagels,  1990). 
The  relatively  low  reproductive  output  of  M. 
chrotorrhinus  (Handley,  1980),  which  also  tends  to 
decrease  in  southern  areas  (Kirkland  &  Jannett,  1982), 
may  also  contribute  to  smaller  populations  with 
increased  sensitivity  to  perturbation  and  local 
extinction.  The  rock  vole,  listed  as  state  endangered 
(Handley  &  Pagels,  1991),  was  previously  known  in 
Virginia  from  only  a  single  locality  in  Bath  County  at  an 
elevation  of  1036  m  (Pagels,  1990).  Here  we  report  an 
additional  record  for  Bath  County  and  a  new  record 
from  Highland  County. 

Voles  were  collected  as  part  of  a  larger,  ongoing 


small  mammal  study  of  353  sampling  sites  within  the 
George  Washington  and  Jefferson  National  Forests.  An 
effort  was  made  to  sample  all  habitat  types  present  in 
the  study  area  according  to  their  abundance  in  the 
landscape,  e.g.,  if  xeric  oak  habitats  constituted  50%  of 
the  entire  study  region,  then  50%  of  the  sampling  sites 
were  in  xeric  oak  habitat.  At  each  site,  small  mammals 
were  sampled  using  eight  Sherman  live  traps  (8  x  9  x  23 
cm)  and  one  Tomahawk  live  trap  (21  x  21  x  62  cm).  A 
pitfall  array  consisting  of  three  0.5  1  pitfalls  connected 
to  a  central  0.5  1  pitfall  with  a  0.3  m  high  drift  fence  of 
aluminum  screening  was  also  installed  within  each  site 
(Type  IB  of  Handley  &  Kalko,  1993).  Live  traps  were 
baited  with  rolled  oats  scented  with  peanut  butter  or 
peanut  oil,  and  pitfalls  were  filled  with  5  cm  of  water 
during  sampling.  There  were  69  trapnights  (TN)  of 
effort  at  the  Highland  County  site  from  28  May  to  1 
June  1997.  The  Bath  county  site  was  live-trapped  for 
69  TN  followed  by  65  TN  with  Museum  Special  traps 
in  early  summer  1996,  and  was  live-trapped  again  for 
69  TN  in  early  summer  1997.  The  increased  effort  at 
the  Bath  county  site  resulted  from  its  inclusion  in  30 
sites  that  were  used  to  examine  the  efficacy  of  our 
trapping  protocol  and  seasonal  fluctuations  in  small 
mammal  abundance.  Specimens  of  M.  chroto-rrhinus 
were  found  dead  in  Sherman  live  traps  and  were 
deposited  in  the  Virginia  Commonwealth  University 
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Mammal  Collection  (VCU  #  12378  and  14034,  Bath 
County  specimens;  VCU  #  14031  and  14032,  Highland 
County  specimens). 

Two  individuals  of  Microtus  chrotorrhinus  were 
captured  near  the  upper  reservoir  of  the  Bath  County 
Hydroelectric  Plant  at  approximately  1,021  m  elevation. 
Two  others  were  taken  at  a  site  in  Highland  County  in 
Kent  Simmons  Hollow  at  an  elevation  of  976  m.  All 
captured  rock  voles  were  adult  females  with  visible 
mammae.  The  new  records  for  Bath  and  Highland 
counties  are  1.4  km  north  and  3.9  km  northeast, 
respectively,  of  the  original  Bath  County  site  (Pagels, 
1990).  Both  sites  were  in  riparian  habitats  with  steep 
slopes  (28u  at  Bath  County  site,  31°  at  Highland  County 
site).  Sites  were  characterized  by  abundant  vegetation, 
moss,  talus-  and  rock-laden  slopes  typical  of  M. 
chrotorrhinus  habitat  (Kirkland  &  Jannett,  1982).  Rock 
or  talus  at  the  sites  ranged  in  size  from  <  0.2  m  to  >  1 
m,  and  woody  debris  was  abundant  at  each  site. 
Herbaceous  growth  was  prevalent  at  both  sites  and 
consisted  primarily  of  stinging  nettle  ( Urtica  dioica ) 
and  jewelweed  ( Impatiens  spp.). 

Woody  tree  species  present  at  the  sites  were  typical 
of  rock  vole  habitat  as  found  in  the  region  (Kirkland, 
1977;  Pagels,  1990).  Canopy  tree  species  with  diameter 
at  breast  height  (dbh)  >  10  cm  in  decreasing  abundance 
at  the  Bath  county  site  were  American  basswood  (Tilia 
americana),  yellow  birch  ( Betula  alleghaniensis ),  and  a 
single  standing  dead  tree  (snag).  Mean  dbh  of  canopy 
trees  was  37.8  ±  4.7  cm  (n  =  10).  Subcanopy  and 
shrub  species  in  decreasing  abundance  at  the  site  were 
witch  hazel  (Hamamelis  virginiana),  sugar  maple  (Acer 
saccharum),  mountain  maple  (Acer  spicatum), 
honeysuckle  (Lonicera  spp.),  basswood,  and  white  ash 
( Fraxinus  americana).  Canopy  tree  species  at  the 
Highland  County  site  consisted  of  basswood,  snags, 
slippery  elm  ( Ulmus  rubra),  striped  maple  (Acer 
pensylvanicum),  white  ash,  and  cucumber  magnolia 
(Magnolia  acuminata).  Subcanopy  and  shrub  species  at 
the  site  were  mountain  maple,  honeysuckle,  mountain 
laurel  (Kalmia  latifolia),  hornbeam  (Ostrya  virginiana), 
sugar  maple,  and  hickory  (Carya  spp).  Mean  dbh  of 
canopy  trees  was  20.7  ±  2.4  cm  (n  =  17).  Tree 
communities  at  both  sites  were  >  120  years  old  (U.S. 
Forest  Service  Continuous  Inventory  of  Stand  Condition 
data). 

Other  small  mammals  captured  at  the  Bath  County 
site  were  the  southern  red-backed  vole  (Clethrionomys 
gapperi)  (19),  the  cloudland  deer  mouse  (Peromyscus 
maniculatus)  (6),  the  eastern  chipmunk  (Tamias 
striatus)  (4),  the  northern  short-tailed  shrew  (Blarina 
brevicauda)  (2),  the  masked  shrew  (Sorex  cinereus)  (2), 
the  white-footed  mouse  (Peromyscus  leucopus)  (1),  the 


smoky  shrew  (Sorex  fumeus)  (1),  and  the  pygmy  shrew 
(Sorex  hoyi)  (1).  Small  mammals  captured  at  the 
Highland  County  site  were  P.  maniculatus  (6),  S. 
fumeus  (6),  B.  brevicauda  (2),  C.  gapperi  (2),  the 
woodland  jumping  mouse  (Napaeozapus  ins  ignis)  (2), 
S.  cinereus  (1),  and  P.  leucopus  (1).  These  species, 
especially  C.  gapperi,  have  been  found  in  sympatry 
with  Microtus  chrotorrhinus  (Martin,  1971;  Timm  et 
al.,  1977;  Kirkland  &  Jannett,  1982;  Pagels,  1990). 

The  occurrence  of  rock  voles  at  only  two  of  353 
sampling  sites  supports  the  contention  of  other 
researchers  (Kirkland,  1977;  Pagels,  1990;  Handley  & 
Pagels,  1991)  that  Microtus  chrotorrhinus  populations 
in  the  area  exist  in  relative  isolation.  The  relatively 
narrow  niche  breadth  of  M.  chrotorrhinus  may  explain 
this  distribution  to  some  extent  (Clough,  1987), 
although  the  true  nature  of  the  ecological  restriction  of 
this  species  is  not  fully  understood  (Kirkland  &  Jannett, 
1982).  The  capture  of  only  two  individuals  during  203 
TN  of  effort  at  the  Bath  county  site  suggests  that  low 
abundance  was  common  even  in  suitable  habitat  in  the 
study  area,  in  concurrence  with  the  findings  of  French 
&  Crowell  (1985)  and  Guilday  (1971).  Genetic  studies 
suggest  that  the  range  of  M.  chrotorrhinus  may  not  be 
so  fragmented  in  more  northern  regions  (Kilpatrick  & 
Crowell,  1985).  However,  if  genetic  exchange  occurs 
among  populations  in  the  study  region, 
immigration-enhanced  heterozygosity  (Kilpatrick  & 
Crowell,  1985)  may  be  offset  by  inbreeding  and 
relatively  low  reproductive  output  (Handley  &  Gordon, 
1980). 

Whether  the  distribution  of  Microtus  chrotorrhinus 
in  the  study  area  is  limited  by  suitable  habitat  is 
unknown.  Although  we  did  not  find  this  species  at 
some  sites  in  apparently  suitable  habitat,  this  must  be 
interpreted  with  caution.  Because  our  sampling 
protocol  examined  habitats  in  relation  to  their 
abundance,  relatively  few  sites  suitable  for  M. 
chrotorrhinus  were  sampled  due  to  the  rarity  of  such 
biotopes  in  the  southern  Appalachian  landscape.  As 
such,  the  presence  of  optimal  habitat  may  be  of  concern 
for  the  conservation  of  this  species,  but  the  ability  of  the 
rock  vole  to  successfully  colonize  other  suitable  habitats 
must  also  be  considered.  The  presence  of  presumably 
viable  populations  of  M.  chrotorrhinus  in  West  Virginia 
(Kirkland,  1977)  suggests  that  source  populations  exist 
for  recolonization  of  suitable  habitat  in  the  study  region 
(Pagels,  1990).  Proximity  to  these  populations 
(approximately  33  km)  may  explain  the  presence  of  M. 
chrotorrhinus  at  these  new  sites  and  its  absence  at  other 
apparently  suitable  habitats  that  are  more  distant  from 
potential  source  populations.  The  highly  managed 
landscape  of  the  southern  Appalachians  may  contain 
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few  suitable  dispersal  corridors  and  thus  movement  of 
M.  chrotorrhinus  into  potential  habitats  may  be 
restricted  (Anderson  &  Danielson,  1997;  Rosenberg  et 
al.,  1997).  Additionally,  the  presence  of  adequate 
corridors  may  provide  stability  to  apparently  small 
populations  that  are  likely  to  become  locally  extinct  by 
random  processes  alone  (Rosenberg  et  al.,  1997). 
Maintenance  of  viable,  genetically  diverse  populations 
of  Microtus  chrotorrhinus  in  the  study  area  is 
contingent  upon  management  decisions  that  minimize 
alteration  of  existing  habitat  and  promote  suitable 
dispersal  corridors  within  the  landscape. 
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The  dwarf  waterdog,  Necturus  punctatus ,  is  a 
medium-sized  (to  189  mm  total  length),  permanently 
aquatic  salamander  (Figure  1)  which  inhabits  streams 
and  rivers  of  the  Atlantic  Coastal  Plain  and  the  eastern 
edge  of  the  Piedmont,  ranging  from  the  Chowan  River 
drainage  in  southeastern  Virginia  to  the  Altamaha  River 
drainage  in  southcentral  Georgia  (Martof  et  al.,  1980; 
Conant  &  Collins,  1991;  Dundee,  1998;  Petranka, 

1998) .  It  is  the  smallest  member  of  the  genus  Necturus. 
Although  common  in  the  Carolinas  (see  range  map  in 
Dundee,  1998),  the  distribution  of  N.  punctatus  near  the 
periphery  of  its  range  is  very  poorly  known,  with  only 
six  records  for  Georgia  (Williamson  &  Moulis,  1994;  J. 
Jensen,  unpubl.  data),  and,  including  the  four  new 
localities  we  present  herein,  eight  records  for  Virginia 
(Virginia  Department  of  Conservation  and  Recreation, 
Division  of  Natural  Heritage  [DCR-DNH]  database, 

1999) . 

During  the  1996  field  season  we  collected 
specimens  of  N.  punctatus  at  two  new  localities.  These 
are  the  seventh  and  eighth  sites  documented  for  this 
species  in  Virginia.  In  this  paper  we  discuss  the 
distribution  of  N.  punctatus  in  Virginia,  attempt  to 
clarify  several  historical  records,  comment  on  the  size 
classes  and  age  distribution  of  our  specimens,  and 
provide  notes  on  sampling  techniques  for  this  species. 

DISTRIBUTION  IN  VIRGINIA 

Mitchell  &  Reay  (1999)  plotted  six  Virginia 
localities  (three  counties)  for  N.  punctatus ,  including 
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our  two  collection  sites  (shown  as  gray  circles  on  their 
map).  As  will  be  discussed  below,  only  one  of  the  three 
localities  mapped  by  Tobey  (1985)  coincides  exactly 
with  those  of  Mitchell  &  Reay  (1999).  Dundee’s 
(1998)  range  map  includes  four  Virginia  records. 
Pague  &  Mitchell  (1987)  and  Mitchell  (1991) 
recommended  N.  punctatus  for  the  informal  category  of 
"Status  Undetermined"  in  Virginia.  Dundee  (1998) 
erroneously  remarked  that  this  species  was  considered 
endangered  in  Virginia,  noting  that  inadequate  sampling 
was  likely  responsible  for  the  limited  number  of  records 
in  the  state. 

Mitchell  (1991)  stated  that  N.  punctatus  was  known 
only  from  Greensville,  Prince  George,  and  Sussex 
counties.  However,  Tobey  (1985)  reported  it  from 
Brunswick  and  Dinwiddie  counties  in  addition  to 
Greensville  County.  His  reference  to  a  collection  by 
W.  L.  (=  Leslie)  Burger  (Mitchell,  1994:  12-13)  from 
Rattlesnake  Creek  [2.4  km]  S  of  Triplet  in  Brunswick 
County  apparently  is  unvouchered  (J.  C.  Mitchell,  pers. 
comm.).  The  American  Museum  of  Natural  History, 
the  repository  for  most  of  Burger’s  herpetological 
collections  from  Virginia  (formerly  at  Virginia  Tech), 
lacks  specimens  of  N.  punctatus  from  this  locality  (L.  S. 
Ford,  pers.  comm.).  However,  the  Virginia  Museum  of 
Natural  History  has  a  series  of  1 1  A.  punctatus  (VMNH 
8377-8387)  from  Burger’s  collection  which  lack  data 
but  may  be  the  missing  specimens  from  Rattlesnake 
Creek.  Eight  of  these  specimens  have  numbered  paper 
tags  (1080,  1084,  1088-89,  1092-95)  and  the  jar  in 
which  the  series  is  housed  contains  a  small  metal  disk 
with  the  number  “31”  stamped  on  it.  There  is  no  known 
associated  specimen  catalog  of  Burger’s  nor  did  his 
files  contain  any  notes  that  reference  these  field 
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Fig.  1.  Necturus punctatus  collected  on  22  April  1996  from  the  Nottoway  River,  Sussex  County,  Virginia. 


numbers  (J.  C.  Mitchell,  pers.  comm.).  Therefore,  the 
origin  of  these  specimens  may  never  be  known. 

Virginia  Commonwealth  University  has  a  specimen 
(VCU  131 1)  of  A.  punctatus  obtained  on  16  July  1974 
from  Great  Creek  at  County  Route  618  [now  763],  Price 
Mill,  4.2  mi  (6.7  km)  SW  Alberta,  thus  confirming  its 
occurrence  in  Brunswick  County.  The  specimen  was 
collected  by  R.  I.  Bonn  of  the  U.S.  Soil  Conservation 
Service  [now  =  Natural  Resources  Conservation 
Service]  while  sampling  fish  with  a  backpack 
electroshocker  in  shallow  (<  1  m)  water  of  this  6  m 
wide  stream  (unpublished  fish  collection  notes  provided 
by  R.  E.  Jenkins).  Neither  of  the  Brunswick  County 
records  is  plotted  by  Mitchell  &  Reay  (1999). 

Cornell  University  (CU)  has  two  series  of  N. 
punctatus  from  Virginia,  both  of  which  had  incomplete 
or  partially  erroneous  locality  data  prior  to  our 
investigation.  Plausible  scenarios  regarding  more 
precise  collection  data  for  both  collections  follow.  All 
specimens  were  collected  on  27  March  1949  by  a  field 
party  led  by  renowned  CU  ichthyologist  Edward  C. 
Raney  (Jenkins  &  Burkhead  1994:  13-14),  who  was 
accompanied  by  Royal  D.  Suttkus,  Howard  E.  Evans, 
and  Robert  M.  Roecker.  The  Necturus  specimens  were 
captured  incidentally  while  sampling  fish  with  a  small 
seine  (R.  E.  Jenkins,  pers.  comm.). 


The  Dinwiddie  County  site  for  N.  punctatus  plotted 
by  Tobey  (1985)  presumably  corresponds  to  a  series  of 
34  specimens  (CU  5466)  obtained  by  Raney’s  field 
party  at  “Rowanty  Creek,  tributary  of  Nottoway  River, 
3.3  mi  S  Reams  Station  on  [U.S.]  Hwy  301.”  Stinson 
(1997)  convincingly  determined  that  this  locality,  where 
17  species  of  fish  (CU  16879-92,  18965,53318,  73438; 
catalogued  as  Sussex  County)  and  a  new  crayfish  (type 
locality  reported  as  being  in  Dinwiddie  County;  Hobbs, 
1951)  also  were  collected,  was  partially  in  error.  The 
corrected  locality  was  given  as  “Rowanty  Creek,  a 
tributary  of  the  Nottoway  River,  Chowan  River 
drainage,  at  the  crossing  of  U.S.  Highway  301,  Sussex 
County,  Virginia,  4.8  (air)  km  south  of  Carson” 
(Stinson,  1997).  The  distribution  maps  prepared  by 
Jenkins  &  Burkhead  (1994)  that  include  the  fish 
obtained  at  this  site  indicate  that  these  authors  plotted 
this  locality  accurately  (i.e.,  in  agreement  with  Stinson’s 
[1997]  correction).  However,  Mitchell  &  Reay  (1999) 
misplotted  this  record  in  the  extreme  southern  tip  of 
Prince  George  County  (the  actual  locality  is  just  south 
of  the  Prince  George-Sussex  county  line),  their  only 
record  for  this  county.  Therefore,  we  conclude  that 
there  are  no  documented  records  of  N.  punctatus  from 
Dinwiddie  or  Prince  George  counties,  except  as 
discussed  below. 
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The  other  collection  of  N.  punctatus  at  Cornell 
University  (CU  5470)  consists  of  six  specimens 
captured  with  seven  species  of  fish  (CU  18600-04, 
18629,  30254)  in  Greensville  County  at  “Three  Creek, 
tributary  of  Nottoway  River,  8.5  mi  SW  Garrott  on 
[U.S.]  Route  301.”  The  town  name  is  a  misspelling  of 
Jarratt.  This  site  is  actually  closer  to  the  City  of 
Emporia  (3.7  km  NNE  jet.  Main  Street  [=  U.S.  Route 
301]  and  Atlantic  Street  [=  U.S.  Business  Route  58]) 
than  it  is  to  Jarratt.  Both  Tobey  (1985)  and  Mitchell  & 
Reay  (1999)  correctly  plotted  this  locality  on  their  range 
map  for  N.  punctatus. 

One  locality  for  N.  punctatus  heretofore  unknown 
to  herpetologists  exists  for  the  Blackwater  River  system 
in  Prince  George  County.  Extensive  fish  collection 
records  provided  to  DCR-DNH  by  Robert  E.  Jenkins  of 
Roanoke  College  indicate  that  one  N.  punctatus  larva 
was  collected  on  4  June  1974  during  a  1  h  survey  by  R. 
S.  Lee  and  DeWitt  Smith  (employees  of  a  private 
consulting  firm)  at  the  County  Route  618  crossing  of  the 
North  Fork  Blackwater  River  (=  Blackwater  Swamp), 
2.9  km  N  Disputanta.  The  specimen  was  obtained  while 
sampling  fish  by  seine  and  dip  net  in  0.3-1  m  of  water 
of  this  mud-bottomed,  blackwater  stream.  The  N. 


punctatus  specimen  was  identified  the  following  week 
by  Dr.  Jenkins,  but  it  is  not  currently  at  Roanoke 
College  and  is  presumed  lost  (R.  E.  Jenkins,  pers. 
comm.).  This  site  ranks  as  the  northernmost  locality  for 
N.  punctatus  rangewide.  Additional  surveys  should  be 
conducted  at  and  near  this  collection  site  to  confirm  the 
continued  existence  of  a  population  of  N.  punctatus. 

There  are  three  collections  of  N.  punctatus  from  the 
U.S.  Route  301  (and  adjacent  Interstate  95)  crossing  of 
Stony  Creek  near  the  town  of  Stony  Creek  in  Sussex 
County.  Two  of  these  were  made  by  William  S. 
Woolcott,  a  University  of  Richmond  ichthyologist 
(Jenkins  &  Burkhead,  1994:  15;  Mitchell,  1998)  and  his 
students.  The  Carnegie  Museum  of  Natural  History  has 
two  specimens  (CM  91982-83)  collected  on  26  October 
1966  and  the  Virginia  Museum  of  Natural  History  has 
four  additional  specimens  (VMNH  8333-8336) 
obtained  on  31  October  1984.  Another  specimen  of  N. 
punctatus  was  collected  at  this  site  on  18  April  1979  by 
Robert  E.  Jenkins  and  his  VCU  ichthyology  class  (VCU 
2252;  field  #  REJ  874-B).  Jenkins’  class  sampled  with 
seines  (R.  E.  Jenkins,  unpublished  field  notes)  and 
Woolcotfs  classes  presumably  did  likewise.  This 
locality  is  ca.  5  air  km  S  of  the  Rowanty  Creek  crossing 


Fig.  2.  Distribution  of  Necturus punctatus  in  Virginia.  The  dark  dashed  line  delineates  the  Fall  Line  separating  the 
Coastal  Plain  and  Piedmont  physiographic  provinces;  lighter  dashed  lines  are  county  boundaries.  Drainages  are 
identified  along  the  bottom  margin. 
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discussed  above.  Both  sites  are  near  the  confluence  of 
these  respective  streams  with  the  Nottoway  River. 
Mitchell  &  Reay  (1999)  included  the  Stony  Creek  site 
on  their  range  map,  but  Tobey  (1985)  did  not.  The 
source  of  a  Sussex  County  record  plotted  by  Mitchell  & 
Reay  (1999)  ca.  10-15  km  NE  of  the  town  of  Stony 
Creek  is  unknown  to  us.  However,  we  believe  that  this 
is  a  mapping  error,  because  there  is  no  documented 
record  of  N.  punctatus  from  this  portion  of  the 
Nottoway  River  system  (J.  C.  Mitchell,  pers.  comm.) 

We  collected  N.  punctatus  on  22  April  1996  in  the 
Nottoway  River  at  County  Route  631  (Chub  Sandhill 
Natural  Area  Preserve),  6.8  air  km  SSW  Littleton  in 
Sussex  County.  Three  weeks  earlier  (1  April),  one  of  us 
(DJS)  documented  this  species  in  Fontaine  (Fountains) 
Creek  at  County  Route  301,  5.6  air  km  S  Skippers  in 
Greensville  County.  All  specimens  were  captured  by 
dipnetting  leafpacks  in  quiet  current  at  stream  margins 
or  from  slack  backwater  pools  immediately  adjacent  to 
the  streams.  Eleven  of  12  specimens  collected  in  ca.  0.5 
h  of  sampling  at  the  Nottoway  River  site  were  in  one 
leafpack.  Seven  specimens  were  collected  at  Fontaine 
Creek  in  2  h  of  continuous  dipnet  efforts;  five  were 
taken  from  the  same  leafpack. 

With  the  locality  additions  and  corrections 
discussed  above,  N.  punctatus  is  known  from  Virginia 
in  only  the  Chowan  River  drainage,  occurring  in  each  of 
its  three  major  tributary  systems:  the  Nottoway  River 
and  three  of  its  tributaries  (Rowanty  Creek,  Stony 
Creek,  and  Three  Creek);  three  tributaries  of  the 
Meherrin  River  (Great  Creek,  Fontaine  Creek,  and 
Rattlesnake  Creek);  and  one  tributary  of  the  Blackwater 
River  (Blackwater  Swamp).  Two  records  are  from  the 
Coastal  Plain,  four  sites  lie  on  or  very  near  the  Fall  Line 
and  there  are  two  outer  Piedmont  localities  in 
Brunswick  County  (Great  Creek  and  Rattlesnake  Creek) 
(Fig.  2).  In  Virginia,  N.  punctatus  has  been  recorded 
from  eight  sites  in  Brunswick,  Greensville,  Prince 
George,  and  Sussex  counties. 

The  precise  range  of  N.  punctatus  in  Virginia 
remains  to  be  determined.  Although  this  species  is 
known  only  from  the  Chowan  River  drainage,  most 
collection  sites  are  well  separated,  and  it  is  likely  more 
common  than  currently  known.  A  lack  of  records  for 
streams  like  the  Blackwater  River,  a  moderate-sized 
Coastal  Plain  tributary  of  the  Nottoway  River  which 
offers  excellent  habitat  for  N.  punctatus ,  is  probably  an 
artifact  of  lack  of  survey  efforts  targeting  this  species. 
Farther  west,  the  Roanoke  River  drainage  should  be 
surveyed  for  N.  punctatus.  Dundee  (1998)  plotted  two 
localities  in  this  drainage  in  North  Carolina  just  below 
the  Virginia  state  line.  Although  in  the  southern  portions 


of  its  range  N.  punctatus  is  known  to  inhabit  lower 
reaches  of  coastal  drainages  almost  to  tidewater  (Martof 
et  al.,  1980),  in  Virginia  it  has  not  been  collected  from 
any  coastal  drainages  east  of  the  Suffolk  Escarpment. 
A  similar  distributional  gap  occurs  in  North  Carolina 
(Conant  &  Collins,  1991;  Dundee,  1998). 

SIZE  CLASSES  AND  AGE  DISTRIBUTION 

Necturus  punctatus  requires  approximately  five 
years  to  reach  maturity  and  is  thought  to  live  up  to  10 
years  (Folkerts,  1971;  Martof  et  al.,  1980).  Based  on 
the  examination  of  50  specimens  from  South  Carolina, 
Meffe  &  Sheldon  (1987)  determined  that  N.  punctatus 
attains  sexual  maturity  at  >  75  mm  SVL.  The  smallest 
mature  adults  in  Folkerts’  (1971)  sample  of  76 
specimens  measured  84  mm  (male)  and  81  mm  (female) 
SVL.  Bishop  (1943)  mentioned  that  larvae  28-40  mm 
total  length  collected  in  November  were  young  of  the 
same  year,  and  that  larvae  65-88  mm  total  length 
collected  in  December  were  1+  years  old.  Based  on 
these  size  criteria,  our  collection  from  Fontaine  Creek 
includes  two  adults,  three  subadults,  one  yearling,  and 
one  young  of  the  year  larva  (Table  1).  Our  collection 
from  the  Nottoway  River  contains  only  juvenile 
specimens  (Table  2). 


Table  1.  Size  (mm)  and  age  class  distribution  of 
Necturus  punctatus  collection  from  Fontaine  Creek, 
Greensville  County,  Virginia. 


SVL 

Total 

Aae  Class 

92.1 

139.0 

Adult  (female) 

80.2 

119.4 

Adult  (female) 

70.1 

108.0 

Subadult 

69.7 

105.8 

Subadult 

62.9 

94.1 

Subadult 

49.8 

76.2 

Yearling 

23.4 

36.8 

Young  of  year  larva 

SAMPLING  METHODS 

Unlike  its  larger  congeners  which  are  occasionally 
captured  by  fishermen,  most  N.  punctatus  are  probably 
too  small  to  be  taken  on  baited  hooks.  Gibbons  & 
Semlitsch  (1991)  stated  that  electroshocking  was  an 
effective  method  for  capturing  this  species.  Meffe  & 
Sheldon  (1987)  collected  N.  punctatus  by 
electroshocking  at  15  of  49  fish  sampling  stations  in 
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Table  2.  Size  (mm)  and  age  class  distribution  of 
Necturus  punctatus  collection  from  the  Nottoway  River, 
Sussex  County,  Virginia. 


SVL 

Total 

Age  Class 

60.6 

90.7 

Yearling  or  subadult 

58.2 

89.2 

Yearling  or  subadult 

56.9 

87.8 

Yearling  or  subadult 

51.3 

78.6 

Yearling 

50.7 

76.4 

Yearling 

48.5 

74.5 

Yearling 

45.0 

65.9 

Yearling 

44.6 

66.8 

Yearling 

43.8 

67.3 

Yearling 

42.3 

62.5 

Yearling 

28.9 

44.8 

Young  of  year  larva 

28.7 

43.2 

Young  of  year  larva 

South  Carolina;  the  mean  depth  of  capture  sites  was 
27.6  cm,  maximum  depth  was  52.9  cm,  and  mean 
stream  width  was  4.4  m.  Prior  to  our  very  limited 
sampling,  all  previous  collections  of  TV.  punctatus  from 
Virginia  (excluding  the  Rattlesnake  Creek  site  for  which 
the  collectors  and  methods  are  unknown)  were  obtained 
by  ichthyologists.  However,  the  vast  majority  of  these 
specimens  were  obtained  with  seines  rather  than  by 
electroshocking.  A  number  of  investigators  have  noted 
that  dipnetting  is  a  successful  technique  for  capturing 
Necturus  species  (Bishop,  1943;  Folkerts,  1971; 
Braswell  &  Ashton,  1985;  Gibbons  &  Semlitsch,  1991), 
and  our  success  at  Fontaine  Creek  and  the  Nottoway 
River  underscores  the  value  of  netting  leafpacks. 
Folkerts  (1971)  noted  that  all  specimens  in  his  large 
series  from  South  Carolina  were  collected  with  dipnets 
and  seines.  Braswell  &  Ashton  (1985)  secured  large 
numbers  of  N.  punctatus  and  N.  lewisi  in  North  Carolina 
using  standard  minnow  traps  baited  with  chicken  liver 
or  shrimp.  They  captured  an  average  of  one  TV.  lewisi 
per  24.5  trap  nights,  noting  that  specimens  were  not 
captured  when  water  temperatures  exceeded  18°  C  and 
that  capture  success  was  greatest  under  conditions  of 
increasing  stream  turbidity  and  rising  water  levels. 

Like  all  mudpuppies,  the  dwarf  waterdog  is 
difficult  to  find  during  summer.  We  recommend  that 
future  survey  efforts  to  document  TV.  punctatus  in 
Virginia  be  conducted  during  fall,  winter,  and  early 
spring  and  employ  dipnet,  minnow  trap,  and 
electroshocking  techniques.  Many  details  of  the  life 
history,  ecology,  and  behavior  of  TV.  punctatus  remain 
poorly  known  (Petranka,  1998).  Additional  field 
surveys  are  needed  to  better  document  the  distribution 


and  natural  history  of  this  species  in  Virginia  (Mitchell 
&  Reay,  1999). 
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The  large  yellow  underwing  moth  ( Noctua  pronuba 
L.)  is  native  to  Europe  and  northern  Africa,  ranging 
eastward  to  India  (Lafontaine,  1998).  It  was  introduced 
into  North  America  at  Halifax,  Nova  Scotia  around 
1979  (Neil,  1981)  and  is  now  abundant  in  the 
northeastern  United  States  and  adjacent  portions  of 
Canada  (Lafontaine,  1998).  This  species  is  not 
illustrated  in  the  Peterson  Field  Guide  on  moths 
(Coveil,  1984),  but  color  figures  are  available  in 
Lafontaine  (1998)  and  Grehan  et  al.  (1995).  The 
genitalia  are  illustrated  in  Passoa  &  Hollingsworth 
(1996)  and  Lafontaine  (1998).  Adults  of  TV.  pronuba  are 
moderately  large  (forewing  length  ca.  25  mm),  exhibit  a 
generally  dark,  but  highly  variable  dorsal  coloration 
(head,  back,  and  forewings),  and  possess  a  bright  yellow 
hind  wing  with  a  dark  marginal  band. 

The  life  history  of  TV.  pronuba  is  well  documented. 
Larvae  feed  on  a  wide  variety  of  weedy  and  cultivated 
herbaceous  plants  including  grasses,  chrysanthemums, 
carnations,  strawberries,  tomatoes,  potatoes,  grapes, 
carrots,  beets,  cabbage,  and  lettuce  (Passoa  &  Hollings¬ 
worth,  1996).  There  is  a  single  adult  brood;  the  flight 
period  extends  from  mid-June  to  late  September 
(Lafontaine,  1998). 

Passoa  &  Hollingsworth  (1996)  listed  all  records  of 
TV.  pronuba  from  the  northeastern  United  States  that 
were  known  to  them  as  of  1995.  Many  localities  were 
represented  by  a  single  specimen,  whereas  numerous 
moths  had  been  collected  at  one  site  in  eastern 
Massachusetts.  These  authors  provided  records  for  TV. 
pronuba  from  five  New  England  states  plus  New  York 
and  Maryland.  Records  were  apparently  lacking  from 
Delaware,  New  Jersey,  Pennsylvania,  and  Rhode  Island. 
This  species  was  first  recorded  in  Maryland  (Howard 


Co.)  in  1992;  during  1993-94  it  was  documented  in  six 
additional  counties  in  that  state  (Passoa  & 
Hollingsworth,  1996).  All  records  were  based  on  a 
single  specimen.  Lafontaine  (1998)  reported  that  the 
current  North  American  range  of  TV.  pronuba  extends 
from  Newfoundland  west  to  Michigan  and  Wisconsin 
(first  recorded  in  both  states  in  1995)  and  south  to 
Maryland  and  North  Carolina.  His  range  map  includes 
the  aforementioned  sites  in  Maryland  plus  one  locality 
(1997  record)  in  extreme  northwestern  North  Carolina 
near  the  common  border  of  North  Carolina,  Virginia, 
and  Tennessee.  No  records  are  plotted  for  either  of  the 
latter  two  states. 

Staff  biologists  and  contractors  of  the  Division  of 
Natural  Heritage  (DNH)  have  sampled  rather 
extensively  for  nocturnal  Lepidoptera  in  Virginia  during 
the  past  decade.  Numerous  surveys  in  northern  Virginia 
(principally  Prince  William  Forest  Park,  Prince  William 
County  during  1988-89  and  1992),  along  the  Blue 
Ridge  Parkway  in  western  Virginia  (1992-94),  and  at 
several  sites  in  southeastern  Virginia  failed  to  document 
the  presence  of  TV.  pronuba  in  the  state  prior  to  1995 
(DNH,  unpublished  data).  Sampling  at  various 
additional  sites  throughout  Virginia  during  the  1995- 
1997  field  seasons  also  failed  to  result  in  the  capture  of 
this  species.  The  1997  capture  of  TV.  pronuba  in 
western  North  Carolina  near  the  Virginia  border 
certainly  suggests  that  this  species  had  reached  Virginia 
by  that  year.  However,  the  first  documented  records  of 
TV.  pronuba  from  Virginia  that  are  known  to  us  were 
obtained  in  1998.  All  specimens  were  captured  at 
blacklight  (ultraviolet)  traps  operated  by  DNH 
biologists.  The  species  was  collected  at  seven  widely 
scattered  sites  (Fig.  1)  during  1998-99  as  follows: 
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Figure  1.  Known  distribution  of  Noctua  pronuba  in  Virginia  as  of  1999.  Square  indicates  approximate  location  of 
1997  collection  in  North  Carolina  (after  Lafontaine,  1998). 


Accomack  Co.:  Assateague  Island,  Chincoteague 
National  Wildlife  Refuge,  24  June  1998  (1),  S.  M. 
Roble  and  A.  C.  Chazal.  Coastal  dune  scrub;  1 1  August 
1998  (1),  S.  M.  Roble.  Maritime  pine  forest. 

Bath  Co.:  Warm  Springs  Mountain,  ca.  3  km  SSE  Hot 
Springs  (=  2.6  km  N  Ingalls  Field  airport  terminal),  19 
August  1999  (1),  S.  M.  Roble.  Montane  red  oak 
( Quercus  rubra )  forest;  3600  ft  (1097  m). 

Fairfax  Co. :  Turkey  Run  Park,  slope  adjacent  to  George 
Washington  Memorial  Parkway  headquarters,  13 
August  1999  (1),  C.  S.  Hobson  and  D.  Sealy. 
Deciduous  forest. 

Nottoway  Co.:  Fort  Pickett  Military  Reservation,  0.8  km 
E  and  2.5  km  E  jet.  Range  Road  and  Wilcox  Road,  8 
July  1999  (3),  A.  C.  Chazal  and  A.  K.  Foster.  Fire- 
maintained  savannah  (two  sites). 

Prince  William  Co.:  Quantico  Marine  Corps  Base, 
Tokyo  Road,  23  June  1998  (4),  A.  C.  Chazal  and  J.  C. 
Ludwig.  Weedy  field. 

City  of  Virginia  Beach:  False  Cape  State  Park,  Wash 
Woods  Cemetery,  19  August  1998  (1),  A.  C.  Chazal,  C. 


S.  Hobson,  and  S.  M.  Roble.  Coastal  live  oak  ( Quercus 
virginiana )  forest. 

Wythe  Co.:  Sand  Mountain,  summit,  3720  ft  (1134  m), 
23  July  1998  (1),  S.  M.  Roble,  C.  S.  Hobson,  and  B. 
Charles.  Xeric  pine-hardwood  forest. 

Only  13  specimens  of  N.  pronuba  were  captured 
despite  several  hundred  trap  nights  during  the  past  five 
years,  suggesting  that  the  species  is  still  uncommon  in 
Virginia.  Capture  sites  were  highly  variable  and 
included  habitats  ranging  from  montane  deciduous 
forests,  maritime  pine  forest,  and  a  live  oak  forest  to 
dune  scrub  and  grasslands  (both  native  and  non-native). 
Elevations  ranged  from  sea  level  to  >1100  m. 
Lafontaine  (1998)  reported  that  this  species  is  highly 
variable  and  includes  several  color  morphs.  The 
ground  color  of  the  three  specimens  from  Fort  Pickett  is 
gray,  brown,  and  chestnut,  respectively. 

Passoa  &  Hollingsworth  (1996)  compared  the  rate 
of  dispersal  of  N.  pronuba  with  another  exotic  species, 
the  gypsy  moth,  Lymantria  dispar  L.  Although 
dispersal  of  the  latter  species  may  have  been  assisted  by 
humans  (e.g.,  transport  of  eggs  attached  to  vehicles),  its 
maximum  rate  of  spread  is  only  13  mi  (21  km)/year 
(Liebhold  et  al.,  1995).  In  contrast,  N.  pronuba  is  a 
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migratory  species  and  its  dispersal  is  less  likely  to  be 
aided  by  humans.  Passoa  &  Hollingsworth  (1996) 
reported  the  rate  of  spread  of  N.  pronuba  in  eastern 
North  America  was  approximately  800  mi  (ca.  1300 
km)  during  a  10  year  period,  averaging  80  mi  (ca.  130 
km)/year. 

Future  sampling  for  nocturnal  Lepidoptera  in 
Virginia  will  likely  document  the  continued  spread  and 
increased  abundance  of  N.  pronuba  in  the 
Commonwealth.  Our  Bath  County  site  is  within  16  km 
of  the  West  Virginia  state  line,  and  the  Wythe  County 
site  is  ca.  65  km  from  the  Kentucky  border,  indicating 
that  this  species  will  likely  colonize  these  states  in  the 
near  future  if  it  has  not  done  so  already.  Covell’s 
(1999)  recent  checklist  of  Kentucky  Lepidoptera  does 
not  include  N.  pronuba. 
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Book  Reviews 

The  Freshwater  Mussels  of  Tennessee.  By  Paul  W. 
Parmalee  and  Arthur  E.  Bogan.  University  of  Tennessee 
Press,  Knoxville,  Tennessee.  1998.  328  pages.  $51.00. 
(Available  from  the  American  Fisheries  Society,  stock 
number  60802C;  AFS  members  receive  a  5%  discount.) 

This  atlas  for  the  freshwater  mussels  of  Tennessee 
is  a  welcome  addition  to  state  texts  on  this  important  but 
declining  group  of  mollusks.  The  133  species  recorded 
for  Tennessee  make  the  state  second  only  to  Alabama  in 
species  richness,  and  sufficient  overlap  in  species 
occurrences  with  adjoining  states  gives  the  book 
regional  utility.  Amateur  and  professional  freshwater 
malacologists  throughout  much  of  the  Southeast  now 
have  an  excellent  reference  on  the  most  endangered 
taxon  in  the  United  States. 

The  book  is  organized  into  two  major  sections:  1 1 
brief  chapters  (2-5  pages  each)  on  "Mussels  and 
Malacology  in  Tennessee,"  and  the  "Accounts  of 
Species"  for  all  mussels  as  well  as  the  exotic  Asian  clam 
and  zebra  mussel.  The  sequence  of  topics  covered 
begins  with  an  introduction  on  river  drainages  and 
richness  of  bivalves,  followed  by  a  brief  overview  of 
life  history  and  biology.  A  short  history  of  early 
taxonomists  and  systematics  is  then  presented.  Master 
lists  of  native  and  exotic  bivalves  are  included  here, 
with  state  and  federal  status,  and  those  presumed 
extinct.  These  lists  identify  133  freshwater  mussels,  14 
fingernail  clams,  and  three  exotic  bivalves  for 
Tennessee.  In  Chapter  7,  there  seems  to  be  a 
discrepancy  between  the  number  of  mussel  species 
listed  in  the  table  (133)  and  the  number  reported  to 
occur  in  the  state  (129).  Next,  the  ecology  of  mussels  is 
reviewed,  followed  by  a  section  on  faunal  provinces  to 
explain  zoogeographic  distribution  patterns.  Tennessee 
is  the  heartland  of  endemic  Cumberlandian  species  as 
well  as  some  of  Mississippian  and  Mobile  Basin  origin. 
A  useful  table  of  species  occurrences  by  major  river 
drainage  provided  in  this  section  should  benefit 
biologists  in  Virginia,  Kentucky,  North  Carolina,  and 
Alabama.  The  next  two  sections  review  aboriginal 
exploitation  and  more  recent  exploitation  of  mussel 
shells  for  buttons  and  for  the  cultured  pearl  industry. 
Kentucky  Lake  accounts  for  more  than  90%  of 
commercial  harvest  in  the  state,  and  management  by 
size  limits  is  critical  to  prevent  overexploitation.  The 
final  two  somewhat  incongruous  sections,  factors 


determining  distribution  records  and  translocations  for 
species  survival,  complete  the  first  part  of  the  text.  I  say 
"incongruous"  only  because  the  section  on  distribution 
records  could  have  been  assimilated  into  Chapter  3,  and 
the  restrictive  topic  of  translocation  could  have  been 
broadened  to  include  all  aspects  (habitat  protection  and 
restoration,  propagation,  translocation,  etc.)  of  a 
comprehensive  mussel  conservation  program. 

The  bulk  of  the  text  consists  of  species  accounts, 
and  this  is  the  tenderloin  for  biologists  and  naturalists. 
Species  of  the  two  families  of  native  mussels 
(Margaritiferidae  and  Unionidae)  and  the  two  exotic 
families  (Corbiculidae  and  Dreissenidae)  are  presented 
in  2-3  page  accounts.  Each  account  includes  the 
following:  scientific  and  common  name,  range  map, 
synonymy,  type  locality,  general  distribution,  Tennessee 
distribution,  description,  life  history  and  ecology,  status, 
and  a  color  photograph  of  the  valves  of  two  specimens 
or  species.  The  photos  are  of  excellent  quality,  with  two 
specimens  showing  the  variation  in  shell  characters 
much  better  than  the  single  specimen  shown  in  other 
atlases.  Dotted  maps  on  distribution  and  the  inset  range 
maps  for  each  species  provide  sufficient  geographic 
locations  of  occurrence.  The  list  of  synonymies  per 
species  will  be  invaluable  to  biologists  unfamiliar  with 
the  shell  game  of  binomials  in  the  19th  and  20th 
centuries.  Current  nomenclature  follows  Turgeon  et  al. 
(1998),  although  the  occasional  use  of  Ortmann's 
unofficial  subspecies  and  "form"  nomenclature  for 
certain  species  may  confuse  the  nonprofessional. 

In  the  species  accounts,  there  is  a  species  deletion 
and  a  few  discrepancies.  The  Alabama  rainbow  Villosa 
nebulosa,  a  valid  species  included  in  the  list  of  species, 
does  not  have  a  species  account.  The  genus  Epioblasma 
(riffleshells)  has  its  subspecies  identified  in  the 
headings  of  their  accounts,  whereas  recognized 
subspecies  of  other  taxa  (e.g.,  rabbitsfoot  Quadrula 
cylindrica  cylindrica,  mountain  creekshell  V. 
vanuxemensis  vanuxemensis )  are  mentioned  only  in  the 
body  of  the  text.  The  authors'  scientific  name  for  the 
catpaw,  Epioblasma  obliquata,  conflicts  with  the 
subspecies  designation  E.  o.  obliquata  for  this  mussel  in 
Turgeon  et  al.  (1998).  It  is  unclear  in  the  Status  section 
whether  the  designations  of  endangered,  threatened,  or 
special  concern  refer  to  official  federal  and  state  status 
or  to  the  unofficial  status  assigned  by  Williams  et  al. 
(1993).  No  mention  is  made  of  known  or  unknown  host 
fish  for  the  white  wartyback  Plethobasus  cicatricosus, 
and  there  are  a  few  omitted  occurrences  when  citing 
distributions  in  Virginia.  Except  for  these  minor 
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breaches  in  clarity,  the  species  accounts  are  well 
researched  and  reliable  records  of  available  data. 

The  account  on  the  Asian  clam  Corbicula  fluminea 
is  perhaps  too  brief,  as  half  of  the  second  page  of  the 
account  is  empty  space.  Although  not  stated,  this 
species  typically  spawns  twice  per  year  in  Virginia,  and 
I  suspect  that  the  same  frequency  occurs  in  Tennessee. 
The  zebra  mussel  Dreissena  polymorpha  account  covers 
the  basics,  and  also  mentions  the  dark  falsemussel 
Mytilopsis  leucophaeata  as  a  resident  species.  No 
mention  of  the  quagga  mussel  D.  bugensis  is  made, 
although  this  species  seems  to  be  spreading  along  with 
the  zebra  mussel  and  may  soon  be  discovered  in 
Tennessee  waters.  The  empty  quadrant  on  the 
accompanying  plate  page  of  this  account  would  have 
accommodated  a  photo  of  this  dreissenid. 

Perhaps  the  only  real  deficiency  in  this  atlas  is  a 
dichotomous  key  to  facilitate  identification  of  species.  It 
is  certainly  possible  to  match  collected  valves  to 
photographs  and  species  descriptions,  but  the  prospect 
is  tedious  and  fraught  with  uncertainty.  A  key  even  to 
the  genus  level  would  have  improved  the  utility  of  the 
text  for  nonprofessionals.  If  the  text  is  revised  in  future 
years,  a  few  minor  changes  would  make  the  book  more 
user-friendly.  Identifying  species  occurrences  by  state  in 
the  General  Distribution  descriptions  would  be  helpful 
to  biologists  in  states  adjoining  Tennessee,  especially 
those  unfamiliar  with  the  geography  of  river  basins. 
Also,  citing  the  original  papers  for  host  fish 
determinations  would  be  preferable  to  citing  a  review 
paper,  so  that  primary  sources  could  be  examined  and 
evaluated  for  methods  and  conclusions. 

In  summary,  amateur  and  professional 
malacologists,  shell  collectors,  and  naturalists  will  find 
The  Freshwater  Mussels  of  Tennessee  to  be  an 
invaluable  reference  on  this  taxonomic  group.  The 
authors  have  compiled  a  readable  text  to  educate  and  to 
assist  in  the  identification  of  the  rich  bivalve  fauna  that 
resides  in  rivers  and  reservoirs  throughout  Tennessee. 
Although  host  fishes  have  been  identified  for  several 
additional  species  subsequent  to  the  submittal  and 
publication  of  the  book,  this  text  is  highly  recommended 
for  aquatic  biologists  who  encounter  shells  in  their 
sampling  and  management  efforts  in  Tennessee  as  well 
as  in  other  Mississippi  Basin  waterways  throughout  the 
southeastern  United  States. 
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Richard  J.  Neves 

Department  of  Fisheries  and  Wildlife  Sciences 
Virginia  Polytechnic  Institute  and  State  University 
Blacksburg,  Virginia  24061,  USA 

[Editor’s  note:  the  preceding  review  was  previously 
published  in  the  Transactions  of  the  American  Fisheries 
Society  and  is  reprinted  here  with  permission  of  that 
society.] 

Atlas  of  Amphibians  and  Reptiles  in  Virginia  by  Joseph 
C.  Mitchell  and  Karen  K.  Reay.  1999.  Virginia 
Department  of  Game  and  Inland  Fisheries,  Special 
Publication  No.  1,  Richmond,  Virginia.  122  pp. 
Available  for  $7.50  from  the  Virginia  Department  of 
Game  and  Inland  Fisheries,  4010  West  Broad  Street, 
Richmond,  VA  23230-1 104. 

This  slick-looking,  spiral  bound  publication  is  the 
result  of  a  collaboration  between  Dr.  Joseph  C. 
Mitchell,  the  leading  authority  on  Virginia’s 
herpetofauna,  and  staff  of  the  Wildlife  Diversity  Section 
of  the  Virginia  Department  of  Game  and  Inland 
Fisheries  (VDGIF).  It  is  intended  to  replace  Tobey 
(1985;  see  review  and  corrections  by  Mitchell  &  Pague 
1986,  1987)  as  the  best  source  for  distributional 
information  on  the  74  amphibian  and  61  reptile  species 
that  inhabit  the  Commonwealth.  The  authors  do  not 
identify  their  target  audience,  so  I  am  not  sure  if  this 
publication  is  intended  to  equally  serve  the  needs  of 
professional  herpetologists,  amateur  naturalists, 
environmental  planners,  and  other  interested  parties. 
The  price  is  very  reasonable  and  should  increase  its 
appeal  to  anyone  interested  in  the  state’s  herpetofauna. 

The  cover  features  an  excellent  color  photograph  of 
a  spring  peeper  ( Pseudacris  crucifer )  by  noted  wildlife 
photographer  Lynda  Richardson.  Four  additional  color 
photographs  by  Dr.  Mitchell  appear  on  the  back  cover 
and  three  fine  black-and-white  drawings  by  Mike 
Pinder  are  inserted  into  the  text.  The  atlas  measures  8.5 
x  1 1  inches  and  is  printed  on  glossy  paper.  In  general 
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format  it  is  similar  to  other  herp  atlases  such  as  McCoy 
(1982),  Tobey  (1985),  and  Redmond  &  Scott  (1996). 

Introductory  chapters  (24  pages)  include  a  brief 
history  of  herpetological  surveys  in  Virginia,  the  state’s 
environment  (i.e.,  physiography,  drainages,  climate, 
ecoregions),  sources  of  records  plotted  on  species  range 
maps,  erroneous  and  introduced  species,  a  discussion  of 
scientific  and  common  names  as  well  as  subspecies,  and 
a  final  section  on  conservation.  The  bulk  of  the  atlas 
(75  pages)  is  devoted  to  the  range  maps,  with  a  short 
accompanying  paragraph  on  each  species,  followed  by 
an  extensive  literature  section  (13  pages)  and  index  of 
names  (10  pages).  The  inside  back  cover  includes  two 
color  maps  (one  each  for  amphibians  and  reptiles) 
which  indicate  the  number  of  collection  sites  per  county 
and  illustrate  where  collecting  has  been  intensive  versus 
limited  in  the  past.  The  text  contains  relatively  few 
typos  (e.g.,  Cnemidophorous,  Faranacia,  North¬ 
umberland)  and  is  generally  well-written.  Minor  errors 
appear  in  several  species  accounts,  including  the 
mention  of  an  Alleghany  County  record  for  the  little 
brown  skink  (formerly  known  as  the  ground  skink;  the 
site  is  actually  in  Bath  County  [Hofffnan,  1986],  as 
plotted),  and  the  statement  that  Roble  &  Hobson 
(1995a)  reported  the  eastern  narrow-mouthed  toad 
( Gastrophryne  carolinensis)  from  Lee  County  is 
erroneous.  We  have  not  published  our  record,  although 
Fowler  &  Hoffman  (1951)  reported  this  species  from 
this  county  nearly  half  a  century  ago  (the  specimens 
subsequently  lost,  R.  L.  Hoffman,  pers.  comm.). 
Although  the  text  for  text  for  Plethodon  wehrlei 
mentions  a  record  from  Burkes  Garden  in  Tazewell 
County,  there  is  no  dot  at  this  location  and  previous 
surveys  have  not  confrrtmed  this  species  there  despite 
its  potential  occurrence  (Hofffnan  &  Kleinpeter,  1948; 
Hoffman,  1983).  The  number  of  chromosomes 
possessed  by  each  member  of  the  diploid-tetraploid  pair 
of  gray  treefrogs  ( Hyla  chrysoscelis  and  H. 
versicolor), which  is  one  of  the  few  known  means  to 
distinguish  these  sibling  species,  is  actually  half  the 
stated  amount  (i.e.,  the  haploid  number  is  12,  not  24). 
Because  the  accounts  for  so  many  species  indicate  the 
distribution  in  Virginia  is  poorly  known  and  more 
surveys  are  needed,  this  statement  becomes  repetitive 
after  a  while.  In  the  case  of  other  species,  the  species 
accounts  are  too  brief.  For  example,  there  is  no 
discussion  explaining  why  the  Patrick  County  records 
for  the  shovel-nosed  salamander  ( Desmognathus 
marmoratus),  plotted  by  Tobey  (1985)  and  reportedly 
collected  by  professional  herpetologists,  are  not 
accepted.  Previously,  Gourley  &  Pague  (1991) 
indicated  only  that  records  from  Patrick  (and  Floyd) 
County  were  “not  confirmed.”  These  authors  reported 


D.  marmoratus  from  Grayson  and  Washington  counties, 
whereas  the  current  atlas  correctly  plots  the  records  in 
Smyth  and  Washington  counties  (Pague  &  Mitchell, 
1984;  Neal  &  Gourley,  1986). 

The  common  names  used  throughout  the  atlas  are 
taken  from  a  forthcoming  revised  checklist  of  common 
names  for  North  American  amphibians  and  reptiles  to 
be  published  by  the  Society  for  the  Study  of 
Amphibians  and  Reptiles.  Although  I  have  not  seen  a 
draft  of  this  publication,  and  thus  was  unprepared  for 
most  of  the  common  name  changes  that  are  introduced 
in  the  atlas,  surely  the  common  name  for  Rana 
clamitans  melanota  will  not  be  southern  green  frog.  I 
assume  this  is  an  error  for  northern  green  frog  and  that 
R.  c.  clamitans ,  the  southern  subspecies  heretofore 
known  as  the  bronze  frog,  will  be  called  the  southern 
green  frog.  Taxonomic  changes  since  Mitchell’s  (1994) 
book  on  the  state  reptilian  fauna  include  the  transfer  of 
the  smooth  greensnake  from  the  genus  Opheodrys  to 
Liochlorophis. 

The  range  maps  appear  two  to  a  page  as  in  McCoy 
(1982)  and  Tobey  (1985);  Redmond  &  Scott  (1996) 
opted  for  full-page  maps  for  each  of  the  amphibian 
species  in  Tennessee.  The  species  are  arranged 
alphabetically  by  major  taxonomic  groups  (i.e.,  orders 
or  suborders),  rather  than  by  families.  This  may  make  it 
easier  for  novices  to  use,  but  I  would  have  preferred  to 
see  the  species  arranged  at  least  by  families.  The  maps 
in  this  atlas  were  computer  generated  from  geographic 
coordinates  (i.e.,  latitude  and  longitude)  maintained  for 
each  record  in  the  VDGIF  database.  Unfortunately, 
some  of  these  data  are  inaccurate  and  several  records 
are  plotted  in  the  wrong  county.  See  Roble  et  al.  (1999) 
in  this  issue  of  Banisteria  for  a  discussion  of  the  errors 
and  omissions  pertaining  to  the  range  map  for  the  dwarf 
waterdog  ( Necturus  punctatus).  Also,  the  locality  dots 
are  considerably  smaller  than  those  used  in  the  other 
atlases  cited  above,  thus  rendering  them  a  bit  more 
difficult  to  read.  In  fact,  some  of  the  open  locality 
symbols  (circles  with  very  thin  outlines)  are  nearly 
invisible,  especially  those  on  or  near  county  borders. 
Consequently,  the  authors  overlooked  some  of  their 
own  plotted  records  in  the  range  statements  for  several 
species  (e.g.,  there  are  two  localities  for  Ambystoma 
jeffersonianum  in  extreme  southwestern  Virginia,  not 
one).  No  range  map  is  included  for  the  recently 
described  Plethodon  Virginia ,  which  Highton  (1999) 
split  off  from  P.  hoffmani ;  it  occurs  in  western 
Rockingham  County,  Virginia  plus  four  counties  in 
adjacent  northeastern  West  Virginia.  Following  the 
practice  of  Mitchell  (1991,  1994),  only  county  rather 
than  site-specific  localities  are  plotted  for  threatened 
and  endangered  species;  by  contrast,  Jenkins  & 
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Burkhead  (1994)  plotted  all  known  fish  localities  in 
Virginia,  even  for  the  rarest  species.  Likewise,  McCoy 
(1982),  Tobey  (1985),  and  Redmond  &  Scott  (1996) 
plotted  specific  localities  for  all  species  in  their  atlases. 
The  county-level  approach  results  in  a  misleading 
distribution  map  for  the  federally  endangered 
Shenandoah  salamander  ( Plethodon  shenandoah), 
which  has  a  very  narrowly  defined  range  (compare  with 
Tobey,  1985),  and  most  of  the  other  maps  for  rare 
species  are  of  limited  value  to  biogeographers.  The 
practice  of  maintaining  secrecy  regarding  the 
distributions  of  sensitive  species  has  its  pros  and  cons. 
However,  since  each  locality  dot  on  the  maps  probably 
covers  5-10  square  miles,  I  doubt  if  poachers  could 
readily  find  their  target  species  if  the  actual  localities 
had  been  plotted.  For  some  of  these  species,  more 
detailed  range  maps  already  exist  in  the  published 
literature  (e.g.,  Highton  &  Worthington,  1967;  Highton, 
1988).  Curiously,  the  text  for  the  state  threatened 
Mabee’s  salamander  ( Ambystoma  mabeei)  indicates  that 
it  has  been  documented  in  six  counties  and  cities, 
whereas  the  map  clearly  shows  eight  such  records.  The 
North  American  range  maps  that  accompany  each  state 
range  map  in  the  atlas  apply  to  the  same  subspecies, 
when  appropriate,  that  occurs  in  Virginia,  rather  than  to 
the  species  as  a  whole  (e.g.,  Acris  crepitans,  Pseudacris 
crucifer ).  I  believe  a  better  approach  would  have  been 
to  include  the  global  range  map  for  the  full  species. 

The  numbering  system  for  counties  and  indepen¬ 
dent  cities  presented  in  Figure  1  is  a  bit  bizarre  and 
apparently  corresponds  to  the  3-digit  codes  used  by 
VDGIF.  A  simpler  system  such  as  that  used  by  Tobey 
(1985)  would  have  been  more  appropriate  for  this 
publication.  The  range  maps  include  more  independent 
cities  than  does  the  labelled  map.  1  was  repeatedly 
annoyed  by  the  inclusion  of  small  polygons  depicting 
the  city  boundaries  of  Covington  and  Clifton  Forge 
(both  within  the  borders  of  Alleghany  County),  which 
are  not  greatly  different  from  locality  dots.  Because 
Richard  Hoffman  has  sampled  extensively  in  this 
county,  I  had  to  look  closely  to  determine  whether  there 
was  a  locality  record  for  many  species  in  this  area  of  the 
state  or  if  I  was  just  seeing  these  minuscule  political 
boundaries.  The  outlione  for  the  City  of  Manassas  is 
also  bothersome  because  its  southern  end  is  easily 
mistaken  for  a  locality  dot. 

Although  the  atlas  contains  a  wealth  of 
distributional  data,  readers  expecting  to  find  a 
comprehensive,  up-to-date  accounting  of  all  known 
records  will  be  disappointed.  Plotted  localities  are 
limited  to  museum  specimens,  most  of  which  were 
examined  by  Dr.  Mitchell,  and  VDGIF  scientific 
collection  permit  reports.  The  latter  are  not  defined,  so 


it  is  unclear  if  these  are  also  based  on  vouchered 
specimens  or  include  many  capture  and  release 
(possibly  also  sight?)  records.  It  is  not  readily  apparent 
why  the  specimen  record  of  Siren  lacertina  from 
Amelia  County  (solid  dot  on  map),  one  of  four 
individuals  observed  at  the  site  on  the  same  date  and 
reported  by  a  VDGIF  biologist  (Woodward,  1998),  is 
considered  to  be  a  “possible  locality... [that]... needs 
verification.”  Published  records  are  not  included; 
hence,  virtually  all  records  published  in  Catesbeiana, 
the  semiannual  journal  (1981 -present)  of  the  Virginia 
Herpetological  Society,  and  its  predecessor  (VHS 
Bulletin ),  as  well  as  all  previous  issues  of  Banisteria, 
are  ignored.  Many  of  these  records  are  in  fact 
supported  by  voucher  specimens,  in  some  cases  dating 
back  a  decade  or  more  (e.g.,  Hoffrnan  &  Kleinpeter, 
1948;  Hoffinan,  1953,  1983,  1985;  Gotte  &  Ernst, 
1987;  Buhlmann  &  Pague,  1989),  but  the  localities  are 
not  plotted  in  the  atlas.  This  results  in  erroneous 
statements  such  as  the  assertion  that  the  four-toed 
salamander  ( Hemidactylium  scutatum )  is  absent  from 
extreme  southeastern  Virginia;  there  are  in  fact 
vouchered  records  from  Seashore  State  Park  (now  First 
Landing  State  Park)  in  the  City  of  Virginia  Beach 
(Buhlmann  &  Pague,  1989).  Also,  contrary  to  the  range 
map,  there  are  two  known  localities  for  this  species  in 
Scott  County  in  extreme  southwestern  Virginia,  one  of 
which  is  documented  by  voucher  specimens  (Roble  & 
Hobson,  1995a,  b;  Hobson,  1998).  The  overlooked 
record  for  Hyla  squirella  from  Fairfax  County  in 
northern  Virginia  (Gotte  &  Ernst,  1987)  renders 
obsolete  the  statement  that  this  species  reaches  its 
northern  distribution  limit  in  the  southeastern  portion  of 
the  state.  Subsequent  to  publication  of  the  atlas,  this 
treefrog  was  documented  in  King  William  County 
(Chazal  &  Hobson,  1999),  only  the  second  confirmed 
record  north  of  the  James  River.  Many  of  Dr.  Mitchell’s 
own  published  records  (e.g.,  Scaphiopus  holbrookii  in 
Augusta  and  Caroline  counties;  Rana  catesbeiana  in 
Northampton  County;  Mitchell  &  Roble,  1998; 
Mitchell,  1999;  Mitchell  &  Buhlmann,  1999),  are  not 
included  in  the  atlas.  Why  (or  if)  the  VDGIF  permit 
reports  are  considered  superior  to  literature  records, 
photographs,  or  sight  records  from  knowledgeable 
observers  is  not  clear  to  me. 

The  inclusion  of  separate  maps  distinguishing  the 
Virginia  ranges  of  the  sibling  species  of  gray  treefrogs 
{Hyla  chrysoscelis  and  Hyla  versicolor)  is  a  significant 
improvement  over  the  single  map  provided  by  Tobey 
(1985).  These  data  were  collected  by  Mitchell,  C.  A. 
Pague,  and  R.  L.  Hoffrnan.  The  last-named  first 
recognized  the  existence  of  two  distinct  mating  calls  in 
Virginia  more  than  a  half  a  century  ago  (Hoffrnan, 
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1946),  some  20  years  before  they  were  shown  to  be 
distinct  species.  The  North  American  map  for  the  gray 
treeffog  Hyla  versicolor ,  does  not  accurately  reflect  its 
distribution  in  Virginia  and  North  Carolina.  Ironically, 
there  are  no  plotted  records  for  either  species  in 
Tazewell  County;  Hoffman  &  Kleinpeter  (1948) 
reported  these  species  were  found  syntopically  for  the 
first  time  in  Virginia  at  a  site  in  Burkes  Garden.  The 
North  American  map  for  H.  versicolor  does  not 
accurately  reflect  its  distribution  in  Virginia  and  North 
Carolina.  I  regard  the  Hayter’s  Gap  record  of  Weller’s 
salamander  ( Plethodon  welleri )  as  perhaps  the  most 
noteworthy  new  distributional  record  presented  in  the 
atlas,  but  details  of  this  relatively  recent  record  have 
never  been  published.  Furthermore,  Hayter’s  Gap  (north 
of  the  town  of  the  same  name)  is  just  south  of  the 
Washington-Russell  county  line  (see  range  map  and  text 
for  P.  kentucki),  whereas  the  plotted  locality  (virtually 
invisible)  is  in  the  northwestern  comer  of  Smyth  County 
near  Big  Tumbling  Creek  Falls.  Therefore,  the  reader 
cannot  determine  which  of  these  sites  is  the  correct 
location  of  this  significant  northern  range  extension. 
Red  spruce  ( Picea  rubens )  forests,  typical  of  areas 
inhabited  by  P.  welleri  (Pague,  1991),  occur  at  higher 
elevations  of  the  Clinch  Mountain  Wildlife 
Management  Area  (maximum  elevation  1432  m),  which 
encompasses  the  plotted  locality  (Pinder  &  Greelee, 
1 999).  The  latter  authors  do  not  mention  P.  welleri  in 
their  paper  on  the  herpetofauna  of  this  state-owned 
property,  thus  providing  no  assistance  in  resolving  this 
dilemma.  Details  of  the  Washington  County  record  for 
Plethodon  ventralis,  which  is  also  attributed  to  Richard 
Highton  (University  of  Maryland)  and  represents  a  new 
northeastern  range  extension  (i.e.,  beyond  range  cited 
by  Highton,  1997),  also  are  not  provided.  Previously, 
only  the  geographic  coordinates  of  his  two  collections 
in  Scott  County  (Highton,  1979:  34);  reported  as  P. 
dorsalis )  were  published.  However,  based  on  its  plotted 
location,  the  new  site  appears  to  be  at  or  near  Hayter’s 
Gap.  To  date,  no  herpetologist  other  than  Highton  has 
found  P.  ventralis  in  Virginia. 

Although  I  reviewed  the  text  of  the  atlas  prior  to 
publication,  but  a  delay  in  the  completion  of  the  range 
maps  and  a  tight  deadline  for  its  printing  prevented  me 
from  having  an  opportunity  to  examine  the  maps  until 
they  were  published.  Although  1  do  not  profess  to  have 
an  encyclopedic  knowledge  of  the  distribution  of  the 
state’s  herpetofauna,  I  was  constantly  frustrated  when 
reviewing  the  maps  because  I  detected  so  many  missing 
(often  noteworthy)  records.  When  1  first  learned  of  the 
inception  of  the  herp  atlas  project  about  two  years  ago, 
my  immediate  response  was  to  wonder  why  a  reptile 
component  was  necessary.  Mitchell  (1994)  did  a  superb 


job  of  summarizing  the  distribution  of  Virginia’s 
species,  including  museum  records,  published  literature, 
and  reliable  sight  records.  The  current  atlas  omits  two 
of  these  three  types  of  records,  and  includes  only  a 
fraction  of  new  records  (including  voucher  specimens) 
obtained  in  the  intervening  five  years,  rendering  the 
reptile  component  of  the  atlas  of  limited  value  to 
serious  herpetologists.  For  example,  the  number  of 
known  localities  for  the  coal  skink  ( Eumeces 
anthracinus )  in  Virginia  is  about  double  that  depicted 
in  the  atlas.  My  overall  impression  of  the  reptile  maps 
is  that  they  represent  a  step  backwards  in  our 
knowledge  of  the  distribution  of  most  species. 

The  amphibian  component  of  the  atlas  is  a  clear 
improvement  over  Tobey  (1985),  in  part  due  to  the 
numerous  records  accumulated  since  the  publication  of 
the  latter.  However,  for  several  species  there  is  a 
dramatic  reduction  in  the  number  of  plotted  localities  in 
the  new  atlas.  Most  notable  is  the  mountain  chorus  frog 
(. Pseudacris  brachyphona ),  for  which  the  majority  of 
the  records  in  Hoffman  (1981)  and  Tobey  (1985)  are 
missing,  including  all  records  from  four  counties 
(Buchanan,  Giles,  Tazewell,  Washington).  Many 
western  Virginiia  records  for  P.  feriarum  plotted  in 
these  same  references  also  do  not  appear  in  the  new 
atlas.  The  map  for  Ambystoma  talpoideum  shows  only 
two  sites,  including  a  recent  record  from  Campbell 
County  (Hayslett,  1996),  but  omits  the  previous  record 
from  this  county  (Tobey,  1985;  Pague  &  Mitchell, 
1991).  Many  other  maps  have  a  variety  of  minor  errors 
and  omissions.  For  example,  Plethodon  kentucki ,  a 
poorly  known  species  in  Virginia,  also  occurs  in  Scott 
County  (Roble  &  Hobson,  1995a).  An  important  record 
missing  from  the  map  for  Bufo  americanus  is  the  Surry 
County  locality  where  B.  terrestris  reaches  its  known 
northern  range  limit  and  the  authors  state  that  these  two 
species  were  found  sympatrically  (i.e.,  a  syntopic 
locality).  The  range  map  for  Gastrophryne  carolinensis 
indicates  that  this  species  is  unrecorded  from  Mathews 
County  despite  Bazuin’s  (1994,  1997)  reports  of 
breeding  choruses  at  50  sites,  at  leats  one  of  which  is 
confirmed  by  a  voucher  specimen  presented  to  Dr. 
Mitchell.  Also,  Hoffman’s  (1990)  voice  record  of  this 
species  from  Lunenburg  County  is  not  plotted. 

Despite  many  missing  records,  the  range  maps  will 
be  of  considerable  value  to  readers  lacking  access  to 
Tobey  (1985)  and  subsequent  literature  on  the  state’s 
amphibian  fauna.  They  also  provide  new  insights  as  to 
where  field  surveys  are  needed.  One  of  the  most 
surprising  revelations  to  me  was  the  lack  of  records  for 
the  normally  ubiquitous  red-backed  salamander 
(. Plethodon  cinereus)  on  the  Middle  Pensinsula  and 
portions  of  the  southern  Piedmont,  despite  reportedly 
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extensive  sampling.  Surely,  this  species  is  present  at 
least  in  the  former  area,  given  its  widespread  occurrence 
throughout  both  the  Northern  Neck  and  York  Peninsula. 

In  summary,  I  believe  the  maps  in  the  new  atlas 
could  have  been  more  accurate  and  comprehensive  by 
focusing  the  authors’  efforts  solely  on  amphibians  and 
omitting  the  reptiles.  I  hope  that  Dr.  Mitchell  will 
achieve  his  goal  of  preparing  a  comprehensive  treatise 
on  the  amphibians  of  Virginia,  including  range  maps 
that  incorporate  specimen,  literature,  photographic,  and 
reliable  sight  records,  in  the  not  too  distant  future.  The 
amphibian  portion  of  the  present  atlas  can  perhaps  be 
viewed  as  an  interim  progress  report  toward  that  goal. 
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The  annual  meeting  of  the  VNHS  was  held  at  Old 
Dominion  University,  Norfolk,  Virginia,  on  27  May 
1999  in  conjunction  with  the  Natural  History  and 
Biodiversity  Section  of  the  Virginia  Academy  of 
Science. 

The  following  papers  were  presented  at  the 
meeting: 

A  study  of  Abrams  Creek-White’s  Pond  wetlands. 
K.R.  Barnes,  G.J.  Baruffi,  K.B.  Bryant,  J.P.  Keffer,  and 
S.M.  Vogel. 

Five  small  mammal  generalists  of  Virginia’s 
Coastal  Plain:  Is  microhabitat  important  to  their  local 
distributions?  A.S.  Bellows,  J.  F.  Pagels,  and  J.  C. 
Mitchell. 

Parentage  and  selection  in  hatchery-raised 
American  shad,  Alosa  sapidissima ,  in  Virginia.  C.R. 
Couch,  J.M.  Waters,  J.M.  Epifanio,  T.P.  Gunter,  Jr., 
and  B.L.  Brown. 

Genetic  structuring  in  relict  populations  of  the  red- 
backed  vole,  Clethrionomys  gapperi,  in  Virginia.  C.R. 
Couch,  B.L.  Brown,  J.F.  Pagels,  and  J.  M.  Waters. 

A  floristic  classification  of  oak  forests  of  the 
central  and  northern  Blue  Ridge  Mountains  of  Virginia. 
P.P.  Couling  and  G.P.  Fleming. 

Ant  species  diversity  in  natural  and  created 
wetlands.  B.  S.  Everett  and  D.A.  Waller. 

In  search  of  Coastal  Plain  absentees  of  the  York 
River.  G.G.  Howard  and  W.  Wieland. 

Characteristics  of  woody  debris  in  burned  and 
unbumed  longleaf  pine  forest.  J.  Hutson-Black  and 
D.A.  Waller. 

Species  recognition  for  Percina  nevisense  Cope 
(ActinopterygiiL  Percidae).  E.G.  Maurakis,  J.T. 
Goodin,  E.S.  Perry,  and  W.S.  Woolcott. 

Factors  influencing  the  selection  of  ants  for  feeding 
and  anting  behaviors  by  captive  songbirds.  H.C.  Revis. 

Oviposition  sites  and  habitats  of  13-year  periodical 
cicadas  (Brood  XIX)  in  eastern  Virginia.  H.F.  Sahli  and 
S.  Ware. 


Growth  comparisons  between  winter  and  spring 
sown  Virginia  longleaf  pine.  P.  Sheridan,  L.  Jacobson, 
and  N.  Penick. 

A  plan  for  a  functional  native  Virginia  longleaf 
pine  seed  orchard.  P.  Sheridan. 

Testing  for  the  presence  of  a  Sarracenia  seed  bank 
and  rhizome  dormancy  through  a  removal  experiment. 
P.  Sheridan  and  W.  Scholl. 

Social  insect  response  to  prescribed  bums  in  a 
longleaf  pine  forest.  D.A.  Waller. 

Habitat  usage  and  spatial  ecology  of  the  spotted 
turtle  ( Clemmys  guttata)  in  Fairfax  County,  Virginia. 
T.P.  Wilson. 

Habitat  preference  of  the  spotted  turtle  ( Clemmys 
guttata )  in  northeastern  Illinois,  using  the  Waller- 
Duncan  multiple  comparisons  procedure.  T.P.  Wilson. 

Freshwater  bryozoans  of  Virginia.  J.E.  Winston. 

Analysis  of  utilized  vs  unutilized  habitat  in  a 
population  of  Henslow’s  sparrows,  Ammodramus 
henslowii,  in  southwestern  Virginia.  E.D.  Wolf  and  S. 
Garriock. 

Comparison  of  larval  myomere  counts  among 
Nocomis  species  in  Virginia.  T.D.  Zorman  and  E.G. 
Maurakis. 

Announcements 

1.  Changes  in  Editorship 

Beginning  with  the  Spring  2000  issue  of  Banisteria,  Dr. 
Steven  M.  Roble  of  the  Division  of  Natural  Heritage, 
Virginia  Department  of  Conservation  and  Recreation, 
will  become  a  co-editor  of  the  journal.  He  will  assist  in 
soliciting  and  reviewing  manuscripts,  and  take  lead 
responsibility  for  the  formatting  and  production  of  each 
issue. 

2.  VNHS  web  site 

Thanks  to  the  efforts  of  Kenneth  Stein,  the  Virginia 
Natural  History  Society  now  has  its  own  web  page.  The 
address  is:  http://fwie.fw.vt.edu/vnhs/ 

In  addition  to  general  information  about  the 
Society’s  mission,  journal,  and  membership  categories, 
the  site  includes  the  table  of  contents  from  all  back 
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issues  of  Banisteria,  instructions  for  potential  authors  of 
manuscripts,  a  list  of  the  Society’s  officers,  information 
about  the  annual  meeting  held  in  conjunction  with  the 
Virginia  Academy  of  Science,  and  several  of  Ken’s 
excellent  photographs.  Members  are  encouraged  to 
visit  the  web  site  and  offer  suggestions  for 
improvements,  to  add  a  link  to  the  VNHS  web  page 
from  their  own  home  page  (if  applicable),  and  to 
encourage  others  to  visit  the  site  and  join  the  Society. 

3.  News  of  members 

Dr.  Richard  Hoffman,  co-editor  of  Banisteria,  was 
awarded  the  prestigious  Lifetime  Achievement  Award 
from  the  Virginia  Herpetological  Society  at  its  annual 
meeting  in  Richmond  on  23  October  1999.  Dr.  Hoffman 
has  maintained  a  lifelong  interest  in  the  herpetology  of 
Virginia  despite  pursuing  a  career  in  invertebrate 
taxonomy  that  has  led  to  his  recognition  as  a  world 
authority  on  millipeds.  He  was  only  the  second 
recipient  of  this  award. 

Dr.  Donald  W.  Linzey,  member  of  the  VNHS  and 
professor  of  biology  at  Wytheville  Community  College 
has  been  named  the  1999  Professor  of  the  Year  by  the 
Carnegie  Foundation  for  the  Advancement  of  Teaching. 
Of  those  recognized  from  across  the  country  on  21 
November  1999,  only  five  were  from  community 
colleges.  Don  has  also  received  the  Outstanding  Faculty 
Award  from  the  State  Council  of  Higher  Education  in 
1996  and  the  Chancellor’s  Professorship  Award  from 
the  Virginia  Community  College  System  in  1998.  The 
members  and  elected  officials  of  the  VNHS 
congratulate  Don  on  these  awards. 

[Editor’s  note:  we  don’t  know  who  has  done  what  or 
who  has  received  awards  unless  we  hear  from  you.  So, 
please  send  us  items  like  this  so  all  our  members  can  be 
informed.] 

4.  Back  Issues  of  Banisteria 

The  VNHS  has  available  back  issues  of  most  of  the 
13  numbers  of  Banisteria  that  have  been  published  to 
date.  If  you  or  your  library  does  not  have  a  full  set,  or  if 
you  would  like  to  complete  your  set  of  journals,  or  if 
you  might  like  to  give  an  especially  interesting  number 
to  a  colleague,  then  contact  the  society’s 
Secretary/Treasurer,  Dr.  Anne  Lund,  Department  of 
Biology,  Hampden-Sydney  College,  Hampden-Sydney, 
VA  24943  (email:  ANNEL@hsc.edu).  Anne  will  be 
glad  to  help  you  fill  your  set.  Back  issue  prices  are 


$7.50  each,  postage  included,  except  for  number  13 
which  sells  for  $15.00. 

The  titles  from  all  published  issues  of  Banisteria 
are  posted  on  the  VNHS  web  site: 
http://fwie.fw.vt.edu/vnhs/ 

5.  New  CD-ROM  Available 

Appalachian  Flora  and  Scenic  Vistas ,  a  CD-ROM  with 
over  1,150  photos  (640  x  480  pixels).  Photography  and 
text  by  Kenneth  J.  Stein;  production  and  graphic  design 
by  Jonathan  D.  Eisenback.  ISBN  1-893961-06-0. 
Copies  may  be  purchased  for  $59.95  (individuals)  or 
$119.95  (institutional  price,  including  schools, 
universities,  NGOs,  and  other  agencies),  plus  $2.95 
shipping  and  handling,  from:  Appalachian  Flora,  3510 
Meadow  Drive,  Blacksburg,  VA  24060  (fax  707-983- 
8647). 

Appalachian  Flora  and  Scenic  Vistas  has  been 
developed  for  a  variety  of  users,  including:  botanists, 
plant  biosystematists,  horticulturists,  teachers,  students, 
gardeners,  herbalists,  hikers,  photographers,  and, 
virtually  anyone  with  a  love  for  natural  history  and 
ecology.  Appalachian  Flora  and  Scenic  Vistas  has  91 1 
plant  images  (photos)  representing  348  species,  with 
notes  on  habitat  and  nomenclature.  In  addition,  it  has 
260  scenic  vistas  from  various  areas  within  the 
Appalachians,  including  the  states  of  North  Carolina, 
West  Virginia,  and  especially  Virginia.  Appalachian 
Flora  and  Scenic  Vistas  will  serve  as  a  coffee  table 
book,  a  supplement  for  botany  and  ecology  texts,  and  as 
a  field  guide.  Although  many  of  the  plants  found  within 
this  CD  are  widely  distributed  east  of  the  Mississippi 
River,  most  of  them  were  photographed  within  the 
Appalachians. 

All  images  in  Appalachian  Flora  and  Scenic  Vistas 
are  indexed  with  the  following  keywords:  1)  habitat 
(bog,  meadow,  etc.),  2)  seasons  when  photographed 
(including  blooming  or  fruiting),  3)  colors,  4)  English 
common  names  for  species  and  family,  5)  Latin  names 
for  family,  genus,  and  species,  and  6)  other 
miscellaneous  information  specific  for  a  given  photo.  A 
preview  of  Appalachian  Flora  and  Scenic  Vistas  is 
available  at  http://www.usit.com/floracd/ 

Review  of  Appalachian  Flora  and  Scenic  Vistas  by 
Dr.  Duncan  Porter,  Professor  of  Botany,  Virginia 
Tech,  Blacksburg,  VA  (provided  with  the  CD-ROM). 

It  is  fitting  that  Virginia,  which  gave  us  the  first 
book  on  the  plants  of  North  America,  John  Clayton's 
Flora  Virginica  of  1739,  now  yields  Ken  Stein's 
Appalachian  Flora  and  Scenic  Vistas.  In  the  interim, 
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there  have  been  a  number  of  books  produced  on  the 
plants  that  grow  in  Appalachia  and  surrounding  areas, 
from  densely-written,  pictureless  scientific  tomes  to 
lavishly-illustrated  coffeetable  volumes  with  little 
scientific  content.  Happily,  ...[this]... CD  has  the  best 
features  of  both  these  extremes.  It  contains  superb 
photographs  of  our  magnificent  flora  along  with  just 
enough  well-written  prose  to  satisfy  our  curiosity  about 
the  plants.  Not  only  that,  it  has  shots  of  our  marvelous 
mountain  vistas,  which  place  the  plants  in  their 
ecological  contexts.  What  could  be  grander  short  of 
actually  standing  in  the  mountains  themselves? 

This  CD  is  essentially  a  multidimensional  book, 
one  not  tied  down  to  static  pages.  It  is  true  that  it 
contains  pictures  and  prose  like  a  book,  but  these  can  be 
manipulated  in  ways  that  until  recently  authors  could 
only  have  imagined.  The  user  can  make  the  images 
large  enough  to  fill  the  screen  and  see  more  detail,  or 
simply  browse  them  as  smaller  thumbnails.  Search  for 
images  to  identify  unknown  plants  using  a  host  of 
characters,  from  flower  color  to  habitat  type.  Examine 
photos  of  plants  already  known.  Renew  old  memories  of 
vistas  last  seen  long  ago.  See  new  vistas  not  yet 
experienced  in  person.  Its  functions  are  almost  limitless, 
its  use  rewarding.  Do  it  now.  Enjoy. 

Letters  to  the  Editors 

7  December  1999 

Most  organizations  have  a  logo  that  expresses  their 
activities.  Our  Society  does  not  have  one  as  yet.  The 
subject  came  up  a  few  years  ago  at  Board  Meetings,  but 
since  it  was  forgotten. 

Here,  I  would  like  to  open  up  this  matter  for 
discussion.  Members  of  our  Society  should  feel  free  to 
submit  ideas,  plans,  or  sketches  for  a  logo,  to  the 
members  of  the  Board  for  consideration  and  for  open 
discussion  in  Banisteria. 

Because  of  our  commitment  to  study  and  protect 
the  natural  resources  of  Virginia,  and  to  educate  the 
public  on  its  conservation,  our  logo  should  express 
these  ideas.  I  could  visualize  a  logo  with  the  Virginia 
state  borders,  overimposed  by  the  three  official  state 
“creatures”  -  the  flowering  dogwood,  the  cardinal,  and 
the  tiger  swallowtail  butterfly.,  with  our  organization’s 
name  or  its  abbreviation  VNHS.  Let’s  hear  from  you. 

Dr.  Michael  Kosztarab  (former  VNHS  President, 
current  council  member) 

614  Woodland  Drive,  NW 
Blacksburg,  VA  24060-3235 


Response  from  Editor  Mitchell 

I  think  Michael’s  idea  of  a  society  logo  is  a  good 
one.  Logos  are  used  in  many  different  ways,  such  as  on 
stationary,  in  the  journal,  in  the  web  site,  and  other 
places  where  the  society  is  active.  I  think  we  could  be 
creative  here  and  find  a  logo  that  would  be  unique, 
creative,  and  reflect  in  some  way  the  fundamental  ideals 
of  the  society.  I  personally  think  we  could  have  a  logo 
that  is  rather  innovative.  Banisteria  was  created  to  be 
non-traditional  and  offer  an  outlet  for  more  than 
scientific  natural  history  -  history  of  natural  history, 
biographies,  and  other  human  aspects  of  our  science. 
We  don’t  have  to  be  limited  to  a  state  outline,  for 
instance,  because  many  articles  in  Banisteria  put  what 
we  know  about  a  subject  in  Virginia  in  a  regional  or 
larger  perspective.  Indeed,  we  entertain  articles  about 
species  and  topics  that  are  based  on  out-of-state 
material  but  are  directly  pertinent  to  the 
Commonwealth.  We  could  have  a  logo  that  is  even 
abstract  in  design.  The  world  of  creative  ideas  is  wide 
open  here. 

It  would  also  be  fun  to  have  a  contest  to  find  an 
appropriate  logo.  Let  us  hear  from  you.  Are  you 
interested  in  having  a  logo  contest  and  are  you  or  is 
someone  you  know  willing  to  submit  a  sketch?  We  will 
wait  to  see  what  the  responses  are  and  then,  if  there  is 
sufficient  response,  have  a  formal  contest.  So,  get  your 
creative  juices  flowing  and  become  an  active  member. 
Let’s  hear  from  members  who  have  never  submitted  an 
article  for  publication.  You  could  be  immortal  in  the 
pages  of  Banisteria  and  on  all  material  used  by  the 
VNHS. 

Joe  Mitchell 

Instructions  for  Contributors 

Banisteria  accepts  manuscripts  that  contribute  to  the 
public  and  scientific  knowledge  of  the  natural  history  of 
Virginia.  This  publication  is  intended  to  be  an  outlet  for 
the  kind  of  information  that  is  useful  but  would  not  be 
accepted  in  the  mainstream  journals.  Information  found 
in  field  notebooks  and  files  that  never  made  it  into 
scientific  journals  is  especially  important.  The  focus  of 
Banisteria  focus  is  classical  and  therefore  slanted 
toward  organismal  biology.  Reviews  of  books  revelant 
to  Virginia’s  natural  history  and  biographies  of 
naturalists  influential  in  this  field  are  also  welcomed  by 
the  editors. 

Manuscripts  should  be  sent  in  duplicate  to  one  of  the 
Co-editors,  who  will  assign  them  to  an  appropriate 
section  editor,  who  in  turn  will  seek  one  or  two  reviews. 
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Reviews  of  manuscripts  written  by  a  section  editor  will 
be  handled  by  a  different  editor.  Authors  should  retain 
both  the  original  typescript  and  figures  until  final 
acceptance  for  publication.  Photocopies  are  adequate 
for  review  purposes. 

Manuscripts  must  be  written  on  one  side  of  standard 
size  paper  (21.5  x  28  cm)  using  double  spacing 
throughout.  Words  should  not  be  hyphenated. 

Manuscripts  should  be  arranged  in  the  following 
order:  title,  author’s  name,  author’s  address,  text, 
acknowledgments,  literature  cited,  tables,  figure 
legends,  figures.  Long  manuscripts  may  follow 
standard  sections,  e.g.,  Materials  and  Methods,  Results, 
and  Discussion,  although  some  papers  may  not  be 
amenable  to  such  division,  and  short  manuscripts  (<4-6 
pages)  need  not  have  these  sections.  All  pages  should  be 
numbered,  including  tables.  The  title  should  be  concise 
but  informative.  It  and  the  author’s  name  and  address 
should  be  centered  at  the  top  of  the  first  page.  The  text 
should  begin  on  the  first  page  beneath  the  author’s 
address.  Use  good  judgment  on  arrangement  of  sections 
when  other  than  the  standard  approach  is  necessary.  Use 
underlines  for  species’  scientific  names. 

References:  Use  the  following  as  a  guide.  Do  not 
abbreviate  journal  names. 

Journal  article  with  1  author : 

Scott,  D.  1986.  Notes  on  the  eastern  hognose  snake, 
Heterodon  platyrhinos  Latreille  (Squamata:Colubridae), 
in  a  Virginia  barrier  island.  Brimleyana  12:51-55. 
Journal  with  2  authors : 

Tilley,  S.  C.,  &  D.  W.  Tinkle.  1968.  A  reinterpretation 
of  the  reproductive  cycle  and  demography  of  the 
salamander  Desmognathus  ochrophaeus.  Copeia 
1968:299-303. 

Journal  with  5+  authors'. 

Funderburg,  J.  B.,  P.  Hertz,  &  W.  M.  Kerfoot.  1974.  A 
range  extension  for  the  carpenter  frog,  Rana  virgatipes 
Cope,  in  the  Chesapeake  Bay  region.  Bulletin  Maryland 
Herpetological  Society  10:77-79. 

Book : 

Harris,  L.  D.  1984.  The  Fragmented  Forest.  University 
of  Chicago  Press,  Chicago,  Illinois.  211  pp. 

Chapter  in  a  book : 

Gentry,  A.  H.  1986.  Endemism  in  tropical  versus 
temperate  plant  communities.  Pp.  153-181  In  M.  Soule 


(ed.),  Conservation  Biology.  Sinauer  Associates,  Inc., 
Sunderland,  Massachusetts. 

Report. 

The  Nature  Conservancy.  1975.  The  preservation  of 
natural  diversity:  A  survey  and  recommendations. 
Report  to  the  U.S.  Dept,  of  Interior,  Washington,  D.C., 
189  pp.  (include  report  series  and  number  if  present). 

Tables:  Each  table  should  be  typed  on  a  separate  sheet 
of  paper.  A  legend  for  each  table  should  follow  the 
number  and  must  be  on  the  same  page  as  the  table. 
Ruled,  horizontal  lines  should  be  avoided  except  at  the 
top  and  bottom  of  the  table.  Remember  that  each  table 
must  fit  within  a  space  of  8.5  X  6.5  inches,  and  that 
reduction  may  cause  loss  of  detail. 

Figures:  Black  and  white  line  drawings  are  acceptable 
for  publication.  They  should  be  no  more  than  twice  the 
size  of  final  publication  size,  and  if  several  are 
assembled  as  a  plate,  keep  the  ratio  of  height  to  width 
consistent  with  the  rectangular  shape  of  the  page.  The 
back  of  each  figure  should  be  labeled  with  the  author’s 
name. 

Photographs:  Banisteria  will  accept  high  contrast 
black  and  white  photographs.  Submit  at  least  5x7  inch 
photos  and  mount  them  if  possible.  Remember  that 
reduction  to  fit  column  or  page  width  will  cause  loss  of 
detail. 

Abbreviations:  The  following  common  .abbreviations 
are  accepted  in  Banisteria :  n  (sample  size),  no. 
(number),  SVL  (snout-vent  length;  define  on  first 
usage);  yr  (years),  mo  (months),  wk  (weeks),  h  (hours), 
min  (minutes),  s  (seconds),  P  (probability),  df  (degrees 
of  freedom),  SD  and  SE  (standard  deviation  and 
standard  error),  ns  (not  significant),  1  (liter),  g  (gram), 
mm  (millimeter),  and  C  (degrees  Celsius).  Do  not 
abbreviate  “male”  and  “female”,  or  dates,  or  undefined 
terms. 

Electronic  transfer  of  manuscripts:  Once  a 
manuscript  has  been  accepted  for  publication,  one  paper 
copy  and  an  electronic  copy  on  a  3.5  inch  diskette 
should  be  sent  to  J.  C.  Mitchell.  If  possible,  use  IBM- 
compatible  systems  with  Word  Perfect  or  Microsoft 
Word.  Please  do  not  justify  right-hand  margins,  and  do 
not  attempt  to  produce  “camera-ready  copy”. 
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